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Remarks on the Habits and the Pathogenesis 
of Schistosoma mattheei, together with 
Notes on the Pathological Lesions observed 
in Infested Sheep. 
By P. L. LE ROUX, B.Sc (Edin.), M.R.C.V.S., Veterinary 
Research Officer, Onderstepoort. - 
INTRODUCTION. 
THE prevalence of Schistosomiasis as an ovine malady of Merinos 
in the Cape Province was first recognized in 1926 when Mr. Edgar, 
the Government Veterinary Officer then stationed at Port Elizabeth, 
was questioned by a young farmer, Mr. S. W. Matthee (L.'s son), 
about peculiar white objects seen in the mesenteric veins of his dying 
sheep. - 
Before describing the habits of S. mattheei Veglia and Le Roux, 
1929, in the definitive host or recording the pathological lesions 
provoked by this species, it seems desirable to review briefly the 
lesions attributed to certain schistosomes parasitizing cattle and sheep. 
Although the pathological lesions associated with the three 
common human schistosomes have received the attention of a host of 
investigators and have been dealt with in innumerable publications, 
the pathology of the analogous disease in domestic stock has been 
sorely neglected. 
It is surprising that, although schistosomiasis of domestic 
animals has been known since 1876 and is widespread, pathologists 
have little availed themselves of the opportunity of studying the 
analogous disease in domestic stock. A comparative study would 
undoubtedly have resulted in the elucidation of various points, asso- 
ciated with human schistosomiasis, which have puzzled man for years_ 
Experimentation with domestic stock would have facilitated and 
permitted experiments to which man cannot be submitted. 
Fairley (1920), utilizing monkeys for investigating some of the 
more puzzling points, made interesting observations. His experiments 
have added to our knowledge of the lesions provoked. The same 
author four years later used goats to test the efficacy of tartar emetic- 
and emetine hydrochloride against. S. spindalis. 
The smaller laboratory animals, and even the domestic fowl, 
have within recent years been utilized in determining the life -cycles 
of the common human schistosomes. Although the cat and the dog 
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are very suitable experimental animals for the study of the pathology 
and habits of S. japonicum, I have been unable to trace much litera- 
ture in this connection. 
OBSERVATIONS ON THE HABITS OF "S. MATTHEEI." 
As some of the observations on the behaviour of S. mattheei in 
the definitive host are at variance with those recorded for other 
schistosomes, I propose dealing with my findings in detail. 
THE DISTRIBUTION OF THE PARASITE IN THE SHEEP. 
The pathological lesions produced by schistosome infestation have 
been shown by various investigators_ to be closely related to the veins 
invaded. 
The habitat of S. mattheei was found to be influenced by certain 
factors and it is accordingly considered advisable to discuss the 
distribution of the parasite in the definitive host as observed in sheep 
killed for autopsy, in sheep killed after treatment, and in sheep dead 
from natural causes. 
(a) The Distribution of the Parasite in Naturally Infected 
Sheep killed for Autopsy. 
In the majority of sheep killed for autopsy the adult schistosomes 
were most abundant in the smaller veins draining the small intestine 
and the caecum. They were less frequent in the larger radicles of 
the portal vein, the portal vein itself, and its hepatic ramifications. 
In animals not heavily infected, schistosomes were rather 
infrequent in the hepatic branches of the portal vein. This predilection 
for the small intestine and the caecum accounts for the heavy deposits 
of ova in the submucosa and the mucosa of these parts. 
The invasion of the veins draining the rumen, reticulum, 
omasum, abommasum, pancreas, colon, rectum, and mesenteric lym- 
phatic glands was as a rule very light. Nevertheless, a careful search 
revealed the presence of specimens. The splenic vein was very 
seldom invaded. In none of these cases were schistosomes observed 
in the veins draining the urino- genital organs. A careful search of 
the posterior vena cava and its pelvic branches, the cavities, of the 
heart, and the pulmonary arteries and veins failed to reveal any 
parasites. 
(b) The Distribution of the Parasites in Animals which had received 
Intravenous Injections of - Tartar Emetic, Emetine Hydro- 
chloride and Sb. 212. 
That the administration of the drugs mentioned caused the 
affected parasites to migrate from their normal habitations was 
evident from the finding of abnormally small schistosomes in great 
numbers in the portal vein and its hepatic branches and in fair 
numbers in the right heart, the posterior vena cava, and the 
pulmonary arteries and their sub -divisions. 
No parasites were recovered from the left `heart, the coronary 
arteries,, the pulmonary veins, the aorta and its branches, nor in the 
veins of the urino- genital tract. 
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(e) The Distribution of the Parasites in Animals dead from 
Intercurrent Diseases. 
The observations were made on animals which had died from 
heartwater on the infected farm, and on animals which had died 
shortly after arrival at this Institute. The infected animals stood 
the 820 miles railway journey lasting four to five days very badly. 
The distribution of the schistosomes in animals which had suc- 
cumbed after a prolonged period of decubitus showed a variation from 
the two groups described above. In these cases there was a decrease 
of parasites in the venulés and smaller veins draining the small 
intestine and caecum, but a marked increase of parasites in the 
larger tributaries of the portal vein. The blood -clots from the portal 
vein and its hepatic branches contained schistosomes in great abun- 
dance. In most of these animals schistosomes were present in fair 
numbers in the right ventricle and auricle and the pulmonary arteries 
and their ramifications. None were present in the left heart, 
pulmonary veins, or the veins of the urino- genital organs. 
CONCLUSION AND DISCUSSION. 
From the observations on these three groups it is evident that 
normally the adult S. mattheei inhabits the tributaries of the portal 
vein, but that adverse conditions cause the parasite to migrate into 
other localities. 
Probably in the case of the dying animal the toxins diffusing 
into the bloodstream from the decomposing, stagnant alimentary 
contents, cause the parasites to forsake their normal habitat in search 
of a more congenial one elsewhere. With the administration of 
drugs lethal to schistosomes the same results were obtained. 
Although it has been assumed (Fairley, 1920) that schistosomes 
can reach the pulmonary arteries via the haemorrhoidal plexus, this 
has not to my knowledge been confirmed. 
Lampe (1927) is of the opinion that, in cases of heavy infesta- 
tions, some cercariae may remain in the pulmonary arteries and com- 
plete their development there. He further states : " My opinion, 
based upon pathological- anatomical alterations in the lungs of b'ilhar 
zia patients, is that full -grown parasites in the lungs need not be 
rare." He records a case where he squeezed a few full -grown S. mansoni 
from the pulmonary vessels. He unfortunately does not specify 
whether these were from the arteries or the veins nor does he specify 
whether the observations were made on a human who had succumbed 
prior or subsequent to the administration of a drug lethal to schisto- 
somes. 
Turner (1909) records adult schistosomes (S. haematobium) from 
the pulmonary vessels of natives who died on the gold mines in 
Johannesburg. Houghton (1923) records S. japonicum from the 
pulmonary arteries of man. - 
The presence of adult schistosomes in the lungs of man and 
animals has been recorded by only a very few investigators. 
OBSERVATIONS ON THE MIGRATION OF OVA. 
Fairley (1920) discusses in detail the penetration of the wall of 
the venule and the passage of the ova of S. mansoni and S. haema- 
tobium into the perivenous tissue. According to him, the spines of 
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the deposited ova engage the vessel wall and. pierce .it.. The force of 
the venous bloodstream drives the ova through the wall of the venule. 
I fail to see how the force of the venous bloodstream alone can accom- 
plish this. Should the rupture of the venules and the migration of 
the ova through the tissues into the lumen of the gut not be attri- 
buted partly to the peristalsis of the intestines ? During slight con -. 
stipation, ova and bloodstained mucus, containing ova in clumps, 
were more abundant than with softer faeces. This seems to indicate 
that the migration and liberation of eve. deposited in the latter part 
of the large intestine is greatly influenced by the passage of rather 
firm faeces along the alimentary tract. 
Fairley (1920) describes the passage of the ova from the peri- 
venous tissue into the lumen of the. gut as follows : " The spines," 
after piercing the wall of the venules, " take no part in the process 
of extrusion of the ova through the tissues to the exterior, which is 
dependent on the inflammatory softening and cellular accumulation 
in its vicinity." 
This statement cannot be accepted. The pathological changes . 
observed in sheep and guinea -pigs disprove it. 
Dew (1923) expresses views similar to those of Fairley. It seems 
unlikely that the ova deposited in the intestine of man and monkeys 
should behave differently from those in sheep and guinea -pigs. 
In Byam and Archibald (1923) we read that the ova progress 
through the tissues by elaborating a toxin and that the ova conse- 
quently become surrounded by eosinophiles, polymorphonuclears, and 
small mononuclears. The progress is therefore attributed to a process 
of ulceration. 
According to Hutchison (1928), the escape of the ova from the 
mucosa is accomplished by a process of ulceration, described as fol- 
lows : " An intense inflammatory reaction occurs with the accumula- 
tion of many leucocytes, lymphocytes, and endothelial cells. Among 
the leucocytes is a large number of eosinophiles. Irritation of the 
mucosa and the loss of its normal resistance to bacterial invasion result 
in actual abscess formation. The abscesses are as a rule very super- 
ficial. As they rupture into the lumen of the intestine or bladder, 
they discharge ova together with their contents. Granulations spring 
up at once in the ulcerated areas and may become excessive. As they 
grow they continue to carry ova up through the mucosa to the surface. 
From the fact that adult parasites are commonly found in the loose 
areolar tissue under such areas of ulceration and granulation tissues, 
and from the large number of ova in such a place, it seems likely 
that the gravid female is attracted to areas where the processes of 
tissue repair are active." 
It seems most unfortunate that such conclusions should have been 
arrived at from the study of material collected from heavily infested 
humans where death had probably intervened only after a protracted 
period of decubitus. It seems most unlikely that the material 
examined was obtained from subjects which had succumbed from pure 
infections of schistosomes. It is a, well -recognized fact that the type 
of Egyptian on which post -mortems are allowed is of the working 
class. He is not uncommonly a subject of malnutrition and not 
infrequently heavily infested with a host of endo -parasites, protozoal 
as well as metazoal. 
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My experience with sheep is that only those free of other diseases 
affecting the alimentary tract, and killed for autopsy, are suitable 
subjects in which to study the migration of the ova through the tissues 
into the lumen of the gut. 
THE MICRATION OF THE SCHISTOSOMES IN THE 
BLOOD -VESSELS. 
Fairley (1920), recording his observations on S. haematobium 
and S. mansoni, states that progression within the veins is by peri- 
staltic -like movements of the body and by the action of the ventral 
sucker. 
In the case of S. m.attheei progression is by a rather interesting 
cycle of somatic movements, depending on the calibre of the invaded 
blood -vessels. 
In the larger veins, with the wall not contracting on the body 
of the parasite, progression is essentially, if not wholly, by prolonga- 
tion and contraction of the portion of the body situated anterior to. the 
ventral sucker, aided by the two suckers acting as organs of fixation. 
The parasite proceeds as follows : It anchors itself to the wall of the 
vein by means of its ventral sucker armed with spines ; the portion 
anterior to the ventral sucker is protruded, and whilst fully extended, 
the armed convex ventral surface of the projecting dorsal portion of 
the anterior sucker is firmly affixed to the vesser wall ; the ventral 
'sucker is released and the protruded portion contracts. Considerable 
ground is thus covered with each cycle of movements completed. 
Progression in the smaller veins, distended by the parasite, is 
somewhat modified. The posterior portion of the body is now also 
actively utilized. Since the anterior portion can no longer drag 
along the rest of the body, we find that the massive posterior portion 
forces itself along by a series of somatic prolongations and contrac- 
tions. The well- developed layers of muscles are now brought into 
play. The cycle of events here is somewhat as follows : A portion 
contracts, forming a circular swelling distending the enveloping vein 
still further and fixes the parasite, while the immediately anterior 
portion is protruded along the vessel ; a swelling as described above 
now forms at the end of the extended portion. This enables the 
posterior portion of the parasite to be drawn forward. 
Several of these circular swellings may be observed to appear 
simultaneously along the body. The retreat of the parasite from an 
invaded and distended venule is undoubtedly achieved in like manner, 
but in the reverse direction. 
The cuticular tubercles, armed with spines, on the external 
(dorsal) surface of the male are undoubtedly adaptations for facili- 
tating and accelerating progress. That their presence is not absolutely 
essential for migration is proved by their absence in S. japonicum, a 
species parasitizing man, his domestic stock, and other mammals -in 
the Far East. 
The presence of a dorsal groove, not hitherto described for male 
schistosomes, may now be recorded. This groove, extending from the 
shoulders posteriorly, was not only evident in transverse sections of 
the parasite in tissues, but also in the fresh and in the preserved 
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specimens. Anteriorly it is deep, but becomes more shallgw poste- 
riorly. That one of the human schistosomes possesses a si_hilar"groove 
is evident from Hutchison's (1928) figure 3, plate 2. It is quite 
probably an adaptation to prevent total arrest of the venous _flow ,in 
the invaded veins. Complete stagnation of blood in a vein would 
undoubtedly affect the parasite adversely. 
Fairley (1920) and Dew (1923) state that the females of S. haema- 
tobium and S. mansoni leave the males, when the time for oviposition 
arrives, to invade the smaller venules of the selected organs. This . 
desertion of males was not manifested by the females of S. mattheei.. 
Males still partially embracing the females were often encountered in 
the submucosa of the invaded alimentary tract. I have, hitherto, not 
yet encoùntered females, unaccompanied by males, in the wall of the 
digestive tube. 
It seems quite unnecessary that females, in search of venules in 
which to oviposit, should abandon the males. The arrangement of 
the venules within the wall of the gut is such that numerous venules, 
suitable for oviposition, are within easy reach. In the many cases 
examined the female does not necessarily continue in the vein selected 
by the male, but was almost without exception found with her anterior 
half invading a small collateral tributary of the vein holding the male. 
The progression of the female within the venules is, as in the 
males, accomplished by a skies of somatic movements, in which the 
anterior and ventral suckers and the intervening portion of the body 
play a not insignificant rôle. The mode of retrogression from the 
invaded venule appears to be accomplished by a contraction of the 
body, commencing at its attachment to the male, and by traction 
applied by the male. It would, therefore, appear essential that a 
portion of the female be permanently clasped by the male. 
Most of the pairs encountered in the large veins appeared with 
a short length of the caudal extremity of the female trailing behind 
and with the cephalic portion just protruding from the anterior limit 
of the gynaecophorius groove. In others the female is wholly 
imprisoned in this groove and eggs are occasionally deposited here. 
Whether the spines in the gynaecophorus groove allow the male 
the recovery, actively or passively, of the ovipossiting female is not 
definitely settled. That muscles control their direction is evident, 
but whether they are actively or passively utilized to allow the 
partial escape and the total recovery of the female is still to be solved. 
It seems possible that the female, uterus laden with eggs (seventy 
to ninety is a common number), migrates into a venule. As she is 
withdrawn by the male, the venule, closely contracting on her body, 
forces the eggs out. The presence of forty or more eggs lying in a 
row and partly overlapping each other seems to favour this mode of 
oviposition more than that outlined by Fairley (1920). The uterus 
having been emptied of most of its eggs, the female withdraws or is 
withdrawn into the gynaecophorus groove of the male to feed, and 
produce more eggs. The fact that parasites were never encountered 
singly, in sheep. destroyed for autopsy, seems to indicate that schisto- 
somes are normally monogamous. That separation, by accident, must 
occasionally occur is to be expected. 
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In animals which had succumbed after prolonged decubit-us and 
in animals subjected prior to destruction to drug -treatment, single 
_males and females were occasionally observed in the larger tributaries 
and hepatic branches of the portal vein and in the pulmonary arteries. 
In none of the naturally infected sheep were males more fréquent 
than females, as recorded for other schistosomes [Montgomery (1906) 
and Fairley (1920)]. These authors based their finding on parasites 
collected solely from the portal vein and its hepatic branches. 
The females, owing to their dark colour, are not so easily 
detected in the clotted blood as are the stouter and lighter coloured 
males. Montgomery examined animals which had either died of 
Surra, in the case of equines, or of Gillar, in the case of sheep. In 
the case of the monkeys and the goats artificially infected by Fairley, 
the predominance of males may be attributed to : (i) that more male, 
female producing cercariae [Cort (1921), Faust (1927), and 
Severinghans (1928) ] were administered ; or (ii) that prior to death, 
or as the result of treatment with drugs, the males became separated 
from the females, which, for reasons given above, were not so readily 
detected. 
THE PATHOLOGICAL LESIONS RECORDED FOR SOME 
OF THE KNOWN ANIMAL SCHISTOSOMES. 
In 1876 Sonsino recovered a schistosome from the portal vein of 
a bull at Zagazig in Egypt. On account of the peculiar shape of the 
ova, he regarded it as a new species and named it Bilharzia bovis. 
On recovering it the following year from the portal veins of sheep, 
he changed the naine'to Bilharzia crassa. No matter bow unsuitable, 
the former name has preference. 
Having been unsuccessful in obtaining Sonsino's original com- 
munication describing the lesions observed in infested sheep and 
cattle, I shall quote his findings as translated by Fleming (1892) from 
Neumann (1888). These read': 
" In an ox, the blood of which furnished thirty of these parasites, 
Sonsino observed very pronounced intestinal catarrh, with thickening, 
exudation, and ecchymoses in the walls of that tube. The vesical mucous 
membrane was ecchymosed and covered with papilliform elevations, which 
were yellow at the point and about the size of a pin's head. . The vessels 
contained the ova of Bilharzia." 
In the same paragraph the author continues : " It is possible 
that the haematuria which so frequently affects cattle in East Africa 
and the Cape of Good Hope is due to this parasite." It is not quite 
clear whether this last quotation should be attributed to Sonsino or 
Neumann himself. 
Neumann's (1888) statement : 
" Le B. crassa détermine chez les animaux des désordres analogues 
ceux qu'engendre chez l'homme le B. haematobia " 
has undoubtedly influenced many subsequent authors of textbooks on 
Veterinary Parasitology and Pathology. 
Stiles' (1898) statement : 
" The worm is said to bring about in cattle and sheep the same 
lesions of the bladder, intestine, etc., which S. haematobiwm causes in 
man " 
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has apparently influenced American veterinary literature. According 
to Stiles (1898), two transport bullocks suspected of being af@ected 
with rinderpest were destroyed in Calcutta. From the anus áf one, 
Bomford removed papillomatous growths harbouring ova resembling 
those of S. haematobium. In the mucosa and submucosa of the 
caecum from the other he observed numerous ova. 
Kaupp (1918), discussing " Schistosomum bovis," writes : - 
The flukes are found principally inhabiting the veins of the 
abdomen, more especially the venous plexuses of the bladder and rectum. 
They may cause nephritis, cystitis, and as a result bloody urine or 
faeces. The adjacent lymph glands become hypertrophied. The condition 
may terminate in death." 
Underhill (1920), in a textbook on Veterinary Parasitology, con- 
siders under the heading " Bilharziosis " only Schistosoma bovis and 
mentions haematuria, painful micturition, bloodstained faeces, and 
" a condition somewhat resembling piles " as the chief symptoms of 
schistosomiasis in cattle and sheep. According to this author, most 
animals being only lightly infected, show a slight chronic cystitis, 
whereas heavily infected beasts may succumb from rupture of the 
urinary bladder or from uraemia, sequelae to acute nephritis. 
Piller (in Hoare, 1915), in his chapter on " Trematodes of the 
Ox," writes': 
" Schistosomiasis or bilharziosis is manifested chiefly by symptoms 
appertaining to the bladder. These are due to the eggs, and not the 
adult parasites. Haematuria is usually the first alteration in health;. 
then there is pain in the loins and urine- genital tract." 
Heñschen (see Joest, 1923) writes :- 
" Von Pathogen Trematoden der Blase kommt bei den Haustieren 
eigentlich nur eine Art, Schistosomtium, crassuin vor. Er wurde haupt- 
sächlich in den Mittel -meerländern gefunden, besonders beim Rind, 
weniger oft beim Pferd und Schaf. Der erwachsene Parasit lebt im 
Pfortadersystem und gelangt von dort in die Venen des Darms und der 
Blase. Aus den Gefässen der Blasenwand kann er ins Blasenlumen 
eindringen, wonach er entweder hier liegen bleibt oder - mit dem Harn 
gleich ausgespült wird. In der Harnblase entwickeln sich geschwürige 
Prozesse (Marotel), die selht zur Perforation führen können (Piot -Bey). 
Oft nimmt der Prozess einen mehr produktiven Charakter an, wobei 
kleine warzenförmige Neubildungen entstehen." 
Woolridge (1923), under " Bilharziosis," writes : 
" The immature stages of various species of Rilharzia worm inhabit 
the portal veins of the liver. When numerous they may give rise to 
enlargement and cirrhosis of the liver with the development of white 
plaques of fibrous connective tissue surrounding the portal vessels. The 
lesions result chiefly from the irritation by the eggs laid by the parasite, 
and partly to toxins they elaborate. Clinically the principal symptoms 
are those of dysentery, due to a similar deposition of eggs in the finer 
branches of the portal veins in the walls of the intestine, especially the 
rectum." 
The following passages from Ceradini's review of Bertolini's 
(1908) article are well worth quoting :- 
" niemals aber konnte bei den sardinischen Rindern die Bilharziose der 
Blase wahrgenommen werden." 
" Die Veränderungen des Dunnsdarms kommen bei der Bilharziose 
der sardinischen Rinder durch katarrhalische Enteritis und Knotchen- 
bildung in der Submucosa zum Ausdruck. Die Veränderungen des Mast- 
darms sind viel weniger stark ausgesprochen und' betehen hauptsäch- 
lich in kleinen punktförmigen Blutungen der Schleimhaut." 
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" Die Knotchenbildungen in der Submucosa des Dünndarms werden 
durch Bilharziaeier und junge Exemplare des incystierten Wurms her - 
vorgerufen, haben aber durchaus nichts zu tun mit den hyperplastischen_ 
Formen und den polypenförmigen adenomatösen Vegetationen, die 
Bilharzia Mastdarmenzundung beim Menschen kennzeichnen." 
" Der erwachsene Parasit wählt sich mit Vorliebe das Pfortader- 
system zum Sitze aus und ganz besondere dessen hepatische abzweigungen, . 
sowie die Venen des Dünndarms." 
In C'hopra and Chandler (1928) we read :- 
" Schistosomes of several species, of which the commonest is S. bovis 
live in the mesenteric blood -vessels; as in the case of human schistosome 
infections, severe mechanical injury is caused by the eggs to the walls 
of the bladder and rectum, but much is still to be learned as to the 
degree to which cattle suffer from these infections. The life -cycles of 
these worms is similar to that of the schistosomes of man. Schistosomes 
infect sheep and goats, and in experimental animals have been shown to, 
be injurious." 
Marotel (1927). reports on the pathogenesis of Schistosomum born- 
fordi as follaws:- 
" Schistosomose bovine, se traduisant par une entérite, avec 
ecchymoses .punctiformes, ulcérations hémorragiques, végétations poly- 
pense; "outre ces altérations dues aux oeufs, on observe encore des 
nodules sous- muqueux développés autour des femelles contenues dans les. 
veinules." 
v. Ostertag (1923) reports on Schistosomiasis of cattle as follows : 
" Manche der mit Schistosomiasis behafteten Rinder leiden an 
Haematurie ; bei der Schlachtung findet man die Parasiten (dauernd. 
das Weibchen vom Mannchen umschlungen) in den Hinterleibsvenen, 
ferner chronische Enteritis mit nekrotischen Herden in Darme, in denen 
meistens die Eier des Schistosomum finden, und Knotchen (mit den. 
Larven des Schistosomum) im Dunndarm." 
In the following words Khalil (1924) refers to the pathogenesis. 
of Schistosoma bovis :- 
" The disease affects cattle and sheep, causing lesions similar to 
those in human bilharziosis. In a fair number of the cases reported, 
although the adult parasites were found, no lesions or only slight partly 
congestion of the lower part of tlie large intestine was found." 
Cirrhosis of thé liver is . caused by S. bovis infection, just as in 
human infection especially with S. man.soni; but cirrhosis in cattle is. 
common and is caused by a multitude of parasites, a common cause in. 
Egypt being Facciola çigantica." 
He further comments on the suspicions of various observers that 
S. bovis may be the cause of haematuria in cattle in East Africa and 
the Cape. He is, however, inclined to ascribe this haemoglobinuria. 
to Piroplasmosis. He does not mention the existence of Piroplas- 
mosis in Egypt. 
He records the Cape as an endemic area for S. bovis, but unfor- 
tunately omits to quote his authority. In an extensive hunt for 
references, I have failed to trace any communication recording the 
recovery of schistosomes from cattle and sheep in the Union of South 
Africa. Mönnig (1928) lists S. bovis as having been found in the 
heart and blood -vessels of cattle, especially in Natal. He does not 
quote his authority. I still believe that this article contains the 
first record of schistosome ova having been recovered from the faeces 
of cattle in the Union of South Africa. The ova were identical with 
those from the infected sheep on the same farm. 
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Faust's (1926) statement : " In fact, the ` cow ' hypothecated by 
Dr. Cawston may not be necessarily involved in the Schistosoma: bovis 
life -cycle in Natal; man may possibly serve in this capacity.," is 
based on a statement fróm Cawston (1920) that he has not yet traced 
the cow, the usual host of Schistosoma bovis. 
Montgomery (1906) records the finding of schostosomes in the 
portal veins of two sheep from Bareilly near Lahore. No macroscopic 
pathological lesions were, however, seen nor were ova found. He 
admits, though, that a careful - examination was made only of the 
rectum and urinary system. These schistosomes he evidently regarded 
as S. bovis. He next mentions, that Baldrey had recovered from sheep 
schistosome ova of the human type (presumably, ova shaped like those 
of S. haematobium) and closely resembling those of S. indicum. 
Montgomery finally recovered from the portal system of two other 
sheep adult schistosomes indistinguishable from S. indicum. He 
observes that there were no lesions beyond " small areas of discrete 
punctiförm haemorrhages present throughout the length of the small 
and large intestines." 
Baldrey (1906), in his discussion of Gillar, records having found 
eleven of the fifteen Gillar affected sheep infested with schistosomes 
resembling those recovered by Montgomery from the sheep, horse, 
and donkey.. 
According to Baldrey, the lesions attributable to this parasite 
were only evident in the small and large intestines, noticeably so in 
the duodenum. He records a muco- enteritis, with the mucosa necrotic 
and probably shedding off in places. Here and in the mucosa of the 
rectum schistosome ova could be demonstrated. The liver, spleen, 
kidneys, pancreas, lungs, and heart were not affected. He described 
changes, observed in the mesenteric and omen_ tal fat, which indicate 
fat necrosis. 
Gilla? is undoubtedly a malady provoked by a heavy panver- 
minosis in association with a decrease in the amount of nutritious 
foods available in the natural pastures during the lean seasons. 
The immature amphistome, mentioned by Baldrey in his article, 
is in the Union of South Africa occasionally responsible for heavy 
mortality amongst sheep and cattle, and was probably the cause of 
the lesions attributed by him to S. indicum. 
According to Lee (1927), S. indicum would appear to be a com- 
paratively benign haematozoal parasite of camels in India. 
Hall (1923 ?) states that Schistosoma bovis inhabits the veins of 
both the rectum and the bladder and that the eggs may therefore be 
passed in the urine and in the faeces. 
Fairley. and Mackie (1925), dealing with the pathology of 
.Schistosornum spindalis in goats, state that the lesions are most 
closely related to those of S. mansoni and S. japonicum, which it 
resembles in habitat. According to them, the verminous ante -mortem 
thrombosis in the portal or mesenteric veins and its branches and 
the hepatic lesions, varying from the early bilharzial pseudo -tubercles 
to a pipe -stem " periportal cirrhosis, are as common as with 
S. japonicum in man. They further observe that the spleen is seldom 
affected and that bilharzial papillomatosis was not present owing to 
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the non- irritating ..oháracter of the ova. The absence of any inflamma- 
tory reaction around the deposited eggs of S. japonicum is likewise 
attributed to the lack of an irritant. It seems most remarkable to 
assume that the ova of different schistosomes should progress through 
the tissue by different means and that some species should oviposit ova 
possessed of an irritant not present in those from other species. 
THE PATHOLOGICAL LESIONS OBSERVED IN THE 
INFESTED SHEEP. 
Apart from the presence of the parasites in the mesenteric veins, 
macroscopic lesions were evident in the lungs, the liver, the walls 
of the small and large intestines, the periportal lymphatic glands, 
and in the pancreas. 
On opening the thoracic and abdominal cavities, the macroscopic 
lesions manifested varied with the age and the degree of infection 
and with the condition of the animal. 
On exposing the abdominal contents, the first lesion to strike 
the eye was the presence or absence of fat in the greater omentum 
and mesentery. In a large percentage of cases there was an average 
amount of fat present. This fat invariably showed multiple fat 
necrosis. The absence of fat was associated with a slight hydroperi- 
cardium and hydrothorax. 
In the mesenteric blood -vessels the schistosomes could be demon- 
strated by holding a loop of gut up against the light with the 
mesentery still attached to the abdominal wall. In animals killed 
for autopsy the migration of the parasites within the veins was studied 
in the mesentery thus . suspended. 
For enumerating the number of parasites present it was absolutely 
essential to ligature the portal vein close to the liver and remove 
the intestines by severing the mesentery along its dorsal attachment. 
The blood from the liver and the portal vein was run into a shallow 
flat -bottomed circular glass dish, and the parasites collected. 
When the usual post -mortem routine practised at this Institute 
was followed and the mesentery severed along its alimentary attach- 
ment, many parasites were lost and damaged ; the collection was 
rendered much more tedious and difficult, and a true estimation of 
the, number of worms present was impossible. 
THE SMALL INTESTINE. 
The small intestine showed fine grey specks scattered diffusely 
throughout its wall. The microscopic examination of a small portion 
of the wall flattened between glass slides showed that the pigmentation 
was due to the presence of numerous schistosome ova deposited in 
clumps or singly. A high percentage of these ova was calcified: 
Parasites were present in the submucosal and subperitoneal veins. 
Small haemorrhages in the mucosa propria were often numerous. 
The caecum appeared-with wall thickened. On holding the organ, 
incised along its mesenteric attachment, up against the light, certain 
areas, chiefly localized along the greater curvature, did not transmit 
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light. (Figs. 13 and 14.) At these spots the wall was much thickened, 
the mucosa was sandy -coloured and emitted a grating sound when 
cut with a sharp broad -bladed post -mortem knife, showing that 
calcareous material was present. The cut surfaces showed the sub - 
mucosa much thickened, pigmented, and fibrosed. Running the 
finger tips across these areas felt like passing them over fine sand- 
paper. 
The ,colon and rectum showed less deposition of ova .. within their 
walls, as could be expected from the small percentage of schistosomes 
observed in their veins. 
The presence of small haemorrhages from minute vessels was 
observed in the mucosa propria of the large intestine._ 
A microscopic examination öf these revealed the presence of 
numerous schistosome ova, calcified or containing active miracidia. 
The contents of this portion of the alimentary canal were in the 
majority of cases of normal consistence, but covered with bloodstained 
mucus. The microscopic examination of this mucus revealed the 
presence of small clots of blood holding schistosome ova. Most of the 
ova contained very active miracidia. In a few cases there was such an 
abundance of sticky mucus that the hard faecal pellets, lying more 
or less in a single row, could on section of the gut be removed en 
masse. Mucus; enveloping the pellets. was often observed hanging 
in a string from the anus. That the passage of firm faecal matter 
facilitates the liberation of ova from the mucosa must be accepted. 
It was frequently observed that attacks of constipation were followed 
by diarrhoea, the diarrhoea being quite probably a sequel to the 
invasion of the mutilated mucosa propria by bacteria. 
No malignant or benign papillomatous growths as recorded for 
S. bovis in cattle and sheep (Khalil and Sonsino) or for S. mansoni 
and S. haematobium in Ivan, were present in any one of the forty -five 
animals autopsied. 
The microscopic appearances vary with the age of the infection. 
In newly -invaded animals the ova lying in the venules (Fig. 29) 
were observed in fresh preparations made by scraping off the mucosa 
and examining it pressed between two glass slides. In sections, the ova 
were observed mainly in the sub -mucosa and passing through the 
muscularis mucosa into the mucosa propria (Fig. 23). In these various 
zones they were found surrounded by leucotypes (Fig. 35), especially 
small mononuclears, eosinophiles, and epithelial -cells. The blood - 
vessels in the immediate neighbourhood appear slightly congested, 
and the mucous glands showed increased. activity. 
In cases of old standing, the most prominent lesion was the 
pronounced fibrosis of the wall of the digestive tube. The lesions 
observed were : - 
(1) Schistosomes in pairs in the submucosa (Fig. 16), and 
occasionally in the subperitoneal veins. 
(2) Pseudo -tubercles in different stages of development in the 
mucosa propria (Figs. 21, 23, and 24), in the submucosa 
(Figs. 22, 23, 24, and 25), and in the external and internal . 
muscular layers (Figs. 21 and 22). 
(3) Invasion and destruction of the muscularis mucosa (Figs. 
21, 22, 23, and 24). 
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(4) Hyperaemia of the mucosa in some cases. 
(5) Conspicuous absence of or a reduction in eosinophiles com- 
pared with those met with in the gut -wall of newly 
infected sheep. 
(6) Hypertrophy of the walls of the veins. 
(7) Increase of fibrous tissue in the invaded portions of the 
alimentary tract. 
(8) The complete absence of tissues characterizing malignant 
growths. 
CONCLUSIONS. 
(i) No actual necrosis and erosions of the mucosa, as recorded 
from human cases infected with S. haematobium, S. mansoni, and 
S. japonicum, have hitherto been observed in sheep killed for autopsy. 
They were present in sheep that had succumbed after prolonged 
decubitus. It has already been suggested that some of the lesions 
attributed to schistosomiasis are secondary or attributable to bacterial. 
protozoal or metazoal invasion of the digestive tube. 
(ii) The lesions observed in the alimentary tract of sheep prove 
that their production was stimulated by the presence of the parasites 
and their ova. 
(iii) No malignant growths were encountered. 
LIVER. 
MACROSCOPIC APPEARANCE. 
In cases of long standing the liver is decreased in size, of a 
shagreen appearance, and the surface may or may not be grossly 
lobulated (Fig. 3). In several cases the " hobnail " form of cirrhosis 
was observed. On palpation and on section the organ is extremely 
firm. The cut surface shows an increase of fibrous tissue in the portal 
tracts (Figs. 5 and 9). The cirrhosis is invariably of the multilobular 
type ; occasionally areas showing monolobular cirrhosis were observed. 
The cut surfaces show dark pigmentation. In some cases a much 
lighter pigment in the perilobular tissues was discernible. The 
microscopic examination of fresh liver tissue showed that the latter 
pigmentation was due to deposited schistosome eggs. 
In the more recently infected sheep the livers were markedly 
enlarged and of an abnormally pale colour; the consistence was 
slightly reduced; the surfaces smooth or nodular (Fig. 3); the cut 
surfaces showed the central veins open with the rest of the lobule 
somewhat opaque. 
In a very recently infected lamb the liver showed a slight increase 
in size and numerous dull whitish specks under the capsule of both 
surfaces. Parasites were numerous in the portal vein and its ramifi- 
cations. 
Another type of liver met with was a heavily pigmented organ ; 
increased in size with well- marked modulation of both surfaces and 
with the consistence slightly reduced. In this type it would appear 
that the animal had become reinfected after cirrhosis ; a sequel to 
a previous invasion had already been established. 
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In addition to these changes, the livers of some sheep showed 
calcified nodules of parasitic origin [O. columbianum, Ecchinococcus 
çranulosus (cyst), and Cysticercus tenuicollis]. 
The more recent nodules due to O. columbianum were charac- 
terized by their greenish cheesy contents (eosinophiles accumulated 
in the vicinity of the migrating Vlarva). 
In the case of a ram which had died from intra- peritoneal 
haemorrhage of pancreatic origin, the bile -ducts appeared prominent 
owing to the thickening of their walls, stimulated by the presence of 
specimens of Fasciola hepatica. 
In another case death followed as the result of a haemorrhage 
from the liver via the bile -duct into the duodenum. At post -mortem 
practically the whole of the small intestine was distended with coagu- 
lated blood. 
In a ewe which had received intrajugular injections of a 6 per 
cent. solution of tartar emetic, the liver was enlarged and showed 
numerous emboli caused by dead schistosomes arrested in the hepatic 
ramifications of the portal vein: 
MICROSCOPIC APPEARANCES. 
In the case of the, atrophic cirrhotic liver, there is a marked 
increase of fibrous tissue in the portal tracts. The fibrosis is preceded 
by a cellular infiltration of these zones. Cellular accumulation is 
stimulated by the presence of the arrested ova (Figs. 5, 7, and 8). 
Partially or completely organized thrombi (Fig. 6), practically 
obliterating veins, were frequently encountered. The walls of the 
viens show an increase of fibrous tissue. Pigment was as a rule present 
(i) in the immediate neighbourhood of the arrested ova, showing that 
it arrived there with the ova ; (ii) in the lumen of the hepatic branches 
of the portal vein ; (iii) in the Stern cells of Kupffner ; and (iv) in the 
lumen of the central veins. It is undoubtedly via the liver that most 
of the pigment reaches the lungs. 
Most of the eggs arrested in the liver showed calcification. In 
some cases (Fig. 5) the deposition of ova in the liver was heavy, but 
never so heavy as in the wall of the digestive tube (Figs. 13 and 14). 
Fatty degeneration of the ova precedes calcification. Giant cells 
of the foreign body type were very seldom seen in the liver. Empty 
egg- shells were not encountered. Individual pseudo -tubercles were 
not so frequent as in the lungs and in the intestinal wall. In the 
recently invaded liver there were pseudo- tubercles showing different 
stages of development (Figs. 31, 32, and 33). The development of 
the pseudo -tubercle was observed to be as follows : an ova becomes 
arrested in a venule and may penetrate into the perivascular tissues ; 
small nononuclears, endothelial cells, and eosinophiles surround it 
(Fig. 31) ; the included liver cells degenerate (Figs. 30, 32, and 33) ; 
eosinophiles which had penetrated to the egg perish there; fibroblasts 
begin and continue to develop until the necrotic mass is replaced 
by fibrous tissue and the egg is securely encapsulated and rendered 
harmless. Outside this developing capsule may occasionally be seen 
some eosinophiles, and small mononuclears and large endothelial cells 
containing pigment. Next to the egg may occasionally be observed 
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a foreign -body giant cell (plasmodial mass). In no case was a giant 
cell found inside an egg -shell as recorded from human cases 
(Hutchison, 1928). 
The structure of the pseudo- tubercle as seen in sections will vary 
with sections through it at different levels, . and it is therefore best 
studied in serial preparations. 
The microscopic examination of the liver of a sheep treated with 
tartar emetic showed that the emboli were due to dead schistosomes 
(Figs. 11 and 12). As in the lung (Fig. 25), the presence of these 
dead parasites stimulated cellular infiltration (Figs. 11 and 12). 
The liver cells showed varying degrees of fatty degeneration. 
Degeneration was especially pronounced in cases of hypertrophie cirr- 
hosis, but by no means uncommon in the atrophic form. The centre 
of the lobules often showed the liver cells deranged and degenerated, 
while the cells round the portal tracts appear unaffected (Fig. 35). 
There was an increase of connective tissue in the portal tracts. The 
chronic venous congestion of the liver contributed to the lesions 
referred to. The smaller bile -ducts were rather tortuous and showed 
proliferation of the endothelial cells. 
HEPATIC CIRRHOSIS. 
According to most textbooks on Human Pathology, the liver in 
human schistosomiasis shows no contraction as in alcoholic cirrhosis. 
In some of the sheep autopsied there was a definite polylobular or 
multilobular cirrhosis and showing " hobnail " appearance (Fig. 3). 
In these cases the livers were enlarged and of a paler colour than 
normally. This slight yellowish discoloration was due to fatty 
changes. 
That atrophic cirrhosis, hypertrophic cirrhosis, and intermediate 
forms were met with is proof that the one precedes. the other. In a 
sheep infected for six months well- marked hypertrophic cirrhosis of 
the liver was encountered, while most of the old- standing cases showed 
a liver deeply pigmented, extremely firm, and with atrophic cirrhosis 
prominent. The livers, showing coarsely nodular bosses on the sur- 
faces, were almost invariably hypertrophie. That these bosses result 
from the contraction of the fibrous tissue in an already enlarged liver 
is evident from the smooth -surfaced hypertrophie liver found in a 
six months infected sheep. 
Taylor (1918), discussing atrophic and hypertrophie cirrhosis, 
mentions a case in which a liver reaching below the umbilicus, in 
a human with marked jaundice and no ascites, was found fifteen 
months later to have contracted quite close under the edge of the ribs. 
In malaria, a protozoal disease characterized by the formation of 
a pigment, chemically indistinguishable from that produced by schis- 
tosomes, there is described a liver cirrhosis. monolobular in type and 
resembling the condition seen in alcoholic cirrhosis. Beattie and 
Dickson (1921) state that it is practically impossible, in any given 
case, to exclude all the other possible and well -recognized causes of 
cirrhosis and diagnose " Malarial cirrhosis." 
Chronic hepatitis in domestic stock has been frequently recorded 
and has been ascribed to various causes. Observers have described 
cases where the chronic hepatitis in sheep, cattle, horses, and pigs 
was attributed to the migration of helminths. 
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Cysticercus tenuicollis and Oesophagostomum columbianum larvae 
(Figs. 43 and 44) in sheep; Ecchinococcus granulosus (cysts), 
Fasciola hepatica, and F. gigantica in sheep and cattle; Strong ylus, 
Habronema, and Parascdris equorum larvae in equines; and Ascaris 
larvae in pigs, are in South Africa common causes of hepatic lesions. 
Robertson (1906) in South Africa was able to produce atrophic 
cirrhosis of the liver in cattle and horses by feeding them repeated 
small quantities of Senecio burchetli and S. latifolia. Similar results 
were obtained by workers in North America and New Zealand with 
plants of the same genus. Other investigators suspect or have shown 
that toxins cointained in damaged (mouldy or rotten) food, toxins 
liberated during an attack of gastro- enteritis, toxins produced by 
helminths, bile stasis, chronic cholangioitis, and bacterial toxins and 
viruses are causal factors in the production of chronic interstitial 
hepatitis in our domestic stock. 
CONCLUSIONS. 
The changes in the livers of schistosome infested sheep should be 
attributed t : - 
( 1 ) the invasion by the developing schistosomes; 
(2) the presence of eggs and exogenous pigment, of schistosome 
origin, arrested in the liver; 
(3) the presence of dead adult schistosomes acting as emboli 
and 
(4) the chronic venous stasis.. 
That the cirrhosis may be partly due to a specific schistosome 
toxin cannot be completely ignored, but the present evidence seems 
to disprove its existence. 
THE PANCREAS. 
The pancreas in some cases showed a marked pigmentation of 
its more transparent portions. Pigmentation was due to deposited 
schistosome ova. In a number of cases the vessels were congested 
and contained schistosomes. In these cases the damage to the pancreas 
may have contributed to the fat necrosis observed. 
Microscopically the pancreas showed marked changes from the 
normal. It was almost invariably involved. Eggs were recovered in 
all cases after the digestion of the organ in 4 to 5 per cent. caustic 
potash. 
Sections revealed pseudo- tubercles, an increase in the amount of 
perilobular fibrous tissue, parasites in the veins, cellular accumula- 
tions around ova in the perilobular zones and those intralobularly 
located. 
The Islets of Langerhans appeared normal. In heavily infected 
cases the walls of the veins were hypertrophied. Areas of the pancreas 
may appear degenerated (Fig. 36). In sheep the pancreas was 
undoubtedly more frequently involved than would appear to be the 
case in man. Dew (1923) observes that the pancreas is quite frequently 
involved in S. nzansoni infections. 
Judging from the habits of the different schistosomes, one would 
expect to find the pancreas more frequently invaded by S. japonicum 
and S. mattheei than by S. mansoni, and more often by the latter 
than by S. haematobium. 
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FAT NECROSIS. 
According to Osier (1916), fat necrosis in the human ". . . occurs 
whenever the pancreatic juice, obstructed for any cause and dammed 
back on the gland, infiltrates its tissues, or escaping by the lymph 
spaces finds its way to structures at some distance from the gland." 
He further observes that Balsar was the first to record fat necrosis 
in the interlobular pancreatic tissue, in the mesentery, in the 
omentum, in the abdominal fatty tissue generally, and occasionally 
in the pericardial and subcutaneous fat. 
These observations of Balsar on the human also hold for the 
sheep. In sheep the pericardial, the subepicardial, and the subendo- 
cardial - fat is not infrequently involved. Fat necrosis may be 
generalized without the pancreas being involved. . 
Opie (1901) states that fat necrosis is due to the fat -splitting 
ferment present in the pancreatic secretion. 
It seems definitely accepted by the medical profession that fat 
necrosis is invariably associated with lesions in the pancreas. It has 
been stated to be most frequent in the acute forms of pancreatitis and 
less common in the suppurative forms. 
Moir (1929) reports on a case of traumatic fat necrosis of the 
breast, and records : " The lesion differs from the fat necrosis of 
pancreatitis in being of slow evolution, so that phagocytosis of fat -cell 
disintegration products and fibroblastic proliferation keeps pace with 
cell destruction." 
This type of fat necrosis has been observed in the omentum of 
sheep infested with O. colu'nbianum. Here the trauma was induced 
by the larvae of the parasite reaching the omentum. 
Farr (1923) procured fat necrosis of the subcutaneous fat in young 
pigs by pinching the fat with forceps. 
Gottesman and Zemansky (cited by Moir) have met with cases of 
fat necrosis in the breast although there was no history of trauma. 
They, therefore, conclude that there may be factors other than trauma, 
and express the view that the decomposition of fatty material, escaped 
from a dilated duct, may stimulate the lesions. 
Lee and Adair (1920) were evidently the first to associate trauma 
with fat necrosis in the human breast. 
That fat necrosis is by no means uncommon in domestic animals 
is evident from Hutyra and Marek (1920), who record that Marek and 
onai had both observed lobular fat necrosis of the pancreas in abso- 
lutely normal lobules in fattened pigs, and that Mettam and Prettner 
had reported cases in dogs. It is recorded as of exceptional occurrence 
in the horse. In the horse we have one of the larger strongyles pass- 
ing a stage of its life -cycle in the pancreas. 
Cleland and Darnell -Smith (1912) point out that fat necrosis is 
amongst the conditions that may occasionally be mistaken for tuber- 
culosis. They substitute the term fat dissociation for the term fat 
necrosis and record that in New South Wales it is of common occur- 
rence in apparently healthy cattle and sheep. In sheep the lesions 
were smaller than in cattle, where they were usually present in the 
fat around the kidneys and in the mesentery and the omentum. " In 
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cattle these areas may be single and an inch or more in diameter, or 
there may be several smaller ones, or they may be multiple. They 
seem usually located towards the centre of the fat involved, and a 
varying degree of fibrosis and puckering surrounds them." 
They then record that this fat dissociation in cattle has not been 
found associated with any pancreatic lesions as has been observed in 
humans. 
As regards the etiology of this condition, they cite two possible 
explanations, namely :- 
" According to one, the. animal, as a consequence of luxuriant 
natural feeding, has stored up such an excessive amount of fat that 
the central areas of this substance are to all intents and purposes cutoff 
entirely from the circulatory system, and are in much the same stage 
-as the free -ratty _- bodies - antioned --as -being sometimes îovnd_in the 
peritoneal cavity. . Under such conditions, presumably, the result 
would be autolysis of the cells, whose lymph supply has been diminished 
almost to the vanishing point, with the consequent appearance of fatty 
acid crystals within the cells, and the liberation of glycerine. It is to 
be noted in support of this view that the animals in which the condition 
"occurs seem always to be in excellent health and remarkably fat. 
According to the other view, during some previous period in the 
life of a fat bullock, a demand has been made by the tissues for fat; 
the stimulus has reached the central areas of the various collections of 
fat, which by means of lipase have split up fat into fatty acids and 
glycerine. This having been accomplished, however, the poor vascular 
and lymphatic supplies of the more central portions of the fat masses 
have rendered it impossible for the fatty acids set free to pass into the 
general circulation. Better conditions for the animal then happening 
to occur, such as the passing away of a period of drought or the advent 
of much nutritious food, the demand of the tissues for fat has ceased, 
and the process of storage of fat has again proceeded, now forming a 
deposit around the central masses of dissociated fat, that is, in those 
parts of the adipose tissue better supplied with nutrient fluids. This 
would lead to a process of encapsulation of the dissociated fat; and the 
presence of the fatty acid crystals, acting as a foreign body, would 
result in the formation of a certain amount of fibrosis of the connective 
tissue in the neighbourhood." 
From the views held by various workers it is apparent that fat 
necrosis in man and animals may be provoked by different etiological 
factors. The findings of Hariot (cited by Cleland and Darnell- Smith, 
1912) surely explain why fat necrosis may occasionally be encountered 
throughout all fat deposited in the body. In the cases of traumatic 
fat necrosis of the breast, in the young pigs of Farr, and in cases 
associated with parasitic invasion of the omentum, the fat necrosis 
should probably be attributed to serum lipase, the serum being 
liberated by the injured tissues. The multiple fat necrosis noted by 
Balsar and observed in sheep, heavily parasitized by endo- or ecto- 
parasites, at this Institute can only be explained by the presence of a 
fat -splitting ferment in the general circulation. 
Fat necrosis was a common lesion in sheep. autopsied by me at 
Pietermaritzburg in Natal, at Ermelo in the eastern Transvaal, 
on farms in the western Transvaal, on farms in the Fraserburg, 
Worcester, and Humansdorp Districts of the Cape Province, at this 
Institute, and on a farm near Arlington Station in the Orange Free 
State. 
De Kock (1928 a), referring to cases seen at this Institute, reports 
that he has found no lesions in the pancreas, and could not under- 
stand how the fat -splitting ferment could have reached the fat 
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deposited outside the peritoneal cavity. He concludes with the state- 
ment : " At present the pathogenesis and aetiology of fat necrosis 
in the sheep are still to be regarded as unsolved.." 
In the various cases observed, fat necrosis was invariably asso- 
ciated with one or combinations of the following conditions : mild 
gastro -enteritis, gastric strongylosis (Haemonchus cortortus, Tricho- 
strongylus avei, Ostertagia circumcincta) ; intestinal strongylosis 
(Trichostrongylus instabilis, T. rugatus, Gaigeria pachyscelis, Buno- 
stomum trigonocephalum, Cooperza curticei, Ostertagia trifurcata, 
Nematodirus spathiger, O. columbianum) ; bronchial strongylosis 
(Dietyocaulus filaria) ; fascioliasis (Fasciola hepatica, F. gigantica) ; 
schistosomiasis (Schistosoma mattheei) ; ascariasis (Psoroptes com- 
munis, var. ovis, Sarcoptes scabei, var. ovis, Ornithodorus mégnini) ;. 
myiasis (Oestrus ovis, Lucilia sericata, Chrysomyia albiceps) ; Globi- 
dium species in abomasum, pediculosis (Linognathus stenopsis and , 
Trichodectes caprae) in goats, and in forms of icte rus (bacterial and 
enzootic). 
It has, however, by no means been proved that only the fat - 
splitting ferment from the pancreas is wholly responsible for fat 
necrosis. Fat necrosis is invariably found in anaemia associated with 
metazoal parasites (ecto- and endo -parasites). The presence of large 
areas of necrosed fat in the immediate neighbourhood of the pancreas 
seems to show that also in sheep a fat -splitting ferment may diffuse 
into the adjacent fat. Multiple fat necrosis and fatty degeneration of 
the liver were constant pathological lesions in sheep which had suc- 
cumbed to a heavy artificial infection with Haemonchus contortus or 
Psoroptes communis. The lesions were especially conspicuous in those 
animals which were in good condition at the time of infection. 
The stable diet of the experimental sheep at this Institute is 
whole or crushed maize and veld hay. The latter, being of poor 
quality, is not consumed to any large extent. The sheep exist prac- 
tically on maize alone, fatten rapidly, and accumulate large quanti- 
ties of abnormally oily fat. In addition to this diet, they received, if 
available, a certain amount of green feed : lucerne, green oats, green 
barley, barley wheat, or maize ensilage according to season. 
The components of the ration are given, as it may play a rôle 
although this does not seem very likely. 
In addition, it may be stated that the animals are confined to 
Pumps in the open or to rather small pens in stables, where they are 
not in direct sunlight. 
These factors may contribute to the anaemia which ultimately 
induces or facilitates fat necrosis. 
More details concerning the cause of fat necrosis in dogs, cats, 
and cattle should be looked for in countries where helminths invading 
the pancreas occur. This recalls a case in which I recovered two 
specimens of Fasciola hepatica from the pancreatic duct in a sheep. 
The occurrence of this trematode in this habitat has to the "best of my 
knowledge not been recorded hitherto.' They evidently migrated here 
via the bile -duct. 
In some animals the fat necrosis was most intense in the fat which 
had been in contact with the rumen (Fig. 46). This would seem to 
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indicate that the necrosis may be attributed either to a substance, 
diffusing through the wall of the rumen, or to the pressure of the 
rumen on the adjacent deposits of fat. That pressure or trauma may 
contribute to fat necrosis is supported by the presence of necrosis in 
the subcutaneous fat at the point where the sides of the feeding- 
troughs press against the throats of the feeding. animals. Some of the 
troughs are uncomfortably deep and the grain at the bottom is not too 
readily secured. 
The anaemia produced by ecto- and endo- parasitic infestation is 
almost invariably accompanied by multiple fat necrosis throughout 
the body and by a fatty liver. Fatty degeneration of the liver is 
common in sheep heavily infected with Haenonchus contortus, a very 
active blood- sucking parasite inhabiting the abomasum. The anaemia 
produced leads to defective oxidation and causes the " white liver," 
a term commonly used by the South African sheep farmer in describ- 
ing a fatty liver. Fat necrosis always accompanies this fatty liver of 
hae'nonchosis and usually precedes it. 
Fat necrosis, associated with parasitic infestation in the sheep, 
seems to result from a too rapid dissociation of fat when the demand 
on the stored fat is made to meet the requirements of the body. The 
ferment utilized to effect the dissociation of the fat is probably 
liberated in too large amounts into the general circulation. The fat 
is dissociated into fatty acids and glycerine. The glycerine passes into 
the blood- stream, while the fatty acids are partly neutralized, forming 
soaps. A recent analysis of necrosed fat by Professor Malan at this 
Institute revealed that the calcium, had increased by thirty -three 
times the amount present in normal fat. Calcium was also present 
as calcium carbonate. 
The determination of the etiology of fat necrosis rests undoubtedly 
in the hands of the biochemist. The pathologist may postulate 
hypotheses, but the biochemist will have to prove or disprove them. 
My observations on fat necrosis are recorded in the hope that 
they may stimulate further interest in. a condition apparently not 
uncommon in man and beast. 
T.lE SPLEEN. 
The Spleen was in some cases slightly enlarged, with the malpi- 
ghian corpuscles rather prominent. In a few cases the organ was 
slightly pigmented and its veins contained a few schistosomes. 
Various investigators -Day and Ferguson (1909), Tsuchiya 
(1913), Day (1924 and 1925), Fairley (1920), Houghton (1923), Dye 
(1925), Hodson (1925), Christopherson (1925), Melency (1925), and 
others- consider splenomegaly as one of the lesions associated with 
human schistosomiasis. This splenomegaly most of them attribute 
to toxins liberated by the schistosomes. 
Hutchison (1928) states : " Splenic enlargement is commonly, but 
not constantly, associated with bilharzia infections." Melency (1925) 
believes that splenomegaly results from the plugging of thousands of 
portal capillaries in the liver, followed by scarring and contraction 
of the tissues. The splenic enlargement was therefore merely the 
366 
P. L. LE ROUX. 
results of an obstructed portal circulation. Houghton (1923) observes 
that great splenic enlargement is a common lesion with heavy infesta- 
tions. He cites portal stasis as the main cause, but does not deny that 
toxix products of parasitic origin may play a part. 
Splenomegaly was rarely observed in the schistosome- infected 
sheep killed for autopsy. In an animal, killed a month after intra- 
jugular injections with tartar emetic had ceased, the spleen was 
markedly enlarged, and macroscopic and microscopic examination 
showed the presence of numerous verminous emboli in the ramifica- 
tions of the portal vein. This suggests the inadvisability of forcing 
the tartar emetic treatment by frequently repeated large doses. 
Finally, it may be recorded that at this Institute there are 
hundreds of sheep autopsied annually and that splenomegaly is by no 
means confined to any one disease. In one victim it may be well 
marked, whereas in another victim of the same disease it may be 
absent. Splenomegaly is quite common in healthy sheep killed at 
abattoirs. With Enzootic Icterus, an ovine malady of undetermined 
etiology and characterized by haemoglobinuria and general icterus, I 
have in victims autopsied at Ermelo (1925), in the eastern Transvaal, 
and at the Pietermaritzburg Municipal Abattoirs (1925). constantly 
found a markedly enlarged spleen. Recoveries from the disease were 
contrary to De Kock's (1928 c) findings, high. 
LUNGS. 
MACROSCOPIC APPEARANCE. 
Macroscopically the most conspicuous and constant lesion met 
with in the lungs was their characteristic discoloration. The colour 
closely resembles that of the liver as painted by Dr. J. K. Lund [in 
Byam and Archibald (1923), Pl. 68, Fig. 1]. 
This discoloration of the lungs was observed in every animal, but 
varied in intensity with the age and the degree of infection. The 
pigment, causing this characteristic discoloration of the lungs, is the 
unassimilated portion of the blood ingested by the schistosomes. This 
unassimilated ingesta is returned per os into the general circulation 
and is removed from the circulation chiefly by the Stern cells of 
Kupffner in the liver. The remaining portion is removed by the 
connective tissue cells in the alveolar wall of the lungs and to a much 
less extent by the periportal, the bronchial, and the mesenteric lym- 
phatic glands. 
Most (if not all) of the pigment conveyed to the lungs appears 
to be phagocytized before the venous flow is gained. This probably 
accounts for the relative absence of pigment in sections of such organs 
as the heart, the kidneys, the skeletal musculature, and the central 
nervous system. 
The extreme ventral and caudal edges of the lungs may appear 
free of pigment (Fig. 40). 
MICROSCOPIC APPEARANCE. 
A. constant microscopic lesion met with in sections of the lungs 
is the presence of pigment in the connective tissue cells of the alveolar 
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wall. Another lesion which was fairly constantly observed was the 
presence of pseudo- tubercles next to bronchioles. These pseudo - 
tubercles result from the arrest of eggs ` in the arterioles. This is 
followed by a cellular infiltration resulting in emboli formation and 
the total obliteration of the arteriole. The final result is typical 
pseudo- tubercles (Figs. 26, 27, 28, and 29), which may partly reduce 
the lumen of the bronchiole and lead to secondary changes in the 
lungs. 
In the developing pseudo -tubercle, pigment may, in the early 
stages, be found quite close to the arrested egg or eggs. In the fully 
developed ones the pigment is absent, having been removed by phägo- 
cytes. Foreign -body giant cells were only occasionally met with and 
appeared to be less frequent than has been observed in man. ;; 
The pleura were in a few cases found somewhat thickened, but 
whether this was solely due to schistosomiasis is not evident, as these 
animals were also suffering from a verminous broncho- pnewmmonia. 
In the case of animals which had received intrajugular injectiohs 
of drugs lethal to schistosomes, numerous parasites were found in the 
pulmonary arteries. These parasites were very much reduced_ 
size, and the females harboured in their uteri rather small abnormally 
shaped eggs (Fig. 45). 
The lungs of an animal which had received tartar emetic showed 
dead schistosomes arrested in the smaller arteries of the lung. The 
dead parasites stimulated cellular infiltration (Fig. 30). 
Nasal discharges were examined for eggs, but none were ever 
found. 
COMPARISON 'WITH THE LESIONS RECORDED FOR MAN. 
The comparative absence (according to the literature) of lung 
lesions in man must be attributed to the lack of looking for them. 
There are, however, a few references. Mackie (1885) and Bellili 
{1885) observed schistosome eggs in numerous small abscesses in the 
lungs. Eyles (1888), Bowlbey (1889), and Kartulis (1913) likewise 
record the presence of ova in the lungs. Symmers found a pair of 
worms in copula in the blood from the lung. Manson (1905) has 
observed ova in small numbers in the lungs, as did Pakes (Turner, 
1908) in South Africa. Turner (1908) recorded lateral -spined ova 
from the lung of a Shangaan who had died of a nodular condition of 
the liver. This condition Turner attributed to either tuberculosis or 
syphilis. Out of 59 humans examined at post -mortem eggs were noted 
in the lungs of 37 and in the bladders of 52. In Byam and Archibald 
we have the lines : " Rarely in advanced and hyper -infected S. haema- 
tobium cases haemoptysis has been recorded with terminal- spined 
ova in the sputum." Dew (1923), discussing the lesions observed in 
the -human lungs, records that in pure S. mansoni infection there is an 
almost complete absence of lung changes, in contrast to the lesions 
{pigmentation :and patchy fibrosis) found in association with S. haema- 
tobium invasion. He suggests that the eggs reach the lungs either 
via the liver or through anastomatic channels between the portal and 
systemic systems. 
Hutchison (1928) refers to the lungs in the brief statement 
" Ova have been discovered in the lungs, brain, and kidneys." 
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With a progressive cirrhosis of the liver, the flow of blood through 
the organ is obstructed and the radicles of the portal vein become 
distended. The spleen is, therefore, often swollen. The increase of 
the pressure in the portal circulation is partly relieved by the widen- 
ing of the anastomoses between the tributaries of the portal vein and 
those of the posterior vena cava. MacCallum (1919) points out that 
anastomoses between the portal and the systemic circulation are well 
described by Charcot (1882). 
CONCLUSIONS. 
Judging from the observations on sheep, it would appear that - 
.(1) the pathological lesions in the lungs are provoked by the 
presence of ova, pigment, and the parasites (migrating 
immature forms and dead adults) ; 
(2) the lungs in S. mattheei infection are more often affected 
than with S. monsoni (a form of intestinal schistosomiasis) 
in man; 
(3) the pigment which is not removed by the liver is removed 
by the lungs ; 
(4) the pigment and schistosomes may reach the lungs via the 
liver or via anastomoses widened as a result of the hepatic 
cirrhosis. 
LYMPH GLANDS. 
The most commonly affected lymph glands were the pancreatic; 
the hepatic, and the mesenteric. These were, as a rule, slightly 
enlarged and had the cortical zone heavily pigmented with a pigment 
chemically indistinguishable from the malarial pigment. The medulla 
of the mesenteric lymph glands often showed the presence of pseudo - 
tubercles. The presence of worms in these glands explains the 
presence of ova, while the pigment arrived here from the wall of the 
invaded intestine. The bronchial lymph glands w ere occasionally 
pigmented. 
THE BLOOD CHANGES. 
The marked eosinophilia recorded for schistosome -infected 
humans was not observed. This may perhaps be due to the fact that 
the disease was chronic. Several of the sheep were also infected with 
Dictyocaulus filaria, the only lungworm hitherto observed in South 
African sheep. The lungworm- infected sheep did not show an eosino- 
philia either, although portion of the lungs, on microscopical examina- 
tion, showed heavy infiltration with eosinophiles. The bone -marrow 
did not show changes from the normal. This would lead one to deduct 
that the eosinophiles were formed from lymphocytes present at the 
lesion. 
TOXINS EXCRETED BY SCHISTOSOMES. 
According to Dew (1923), schistosomes " produce a toxin the 
reaction to which is manifested by eosinophilia and deviation of com- 
plement, and which is probably ,a big factor in the production of 
many of the pathological changes, especially those found in the liver." 
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Fairley (1920) states that the circulating toxins liberated by 
S. mansoni and S. haenatobium are filtered out into the periportal 
zones. He attributes the generalized periportal cirrhosis of the liver 
to this toxin rather than to the presence of the ova. 
Hutchison (1928) concludes that schistosomes produce " noxious 
substances " in the body of the host. According to him, " the nature 
of this noxious substance is not clearly established." He advances 
facts to prove that it results from simple protein splitting rather 
than from toxin production. 
The presence of toxins liberated by the parasites themselves or by 
their ova has to my mind not been indisputably established. The 
fact that hyper- infected monkeys died does not necessarily prove the 
-existence of toxins primarily produced by the schistosomes. 
TOXINS ATTRIBUTED TO OTHER OVINE PARASITES. 
There still seems to be a tendency to attribute the ill- effects 
'elicited by helminths to " toxins " produced by them. 
De Kock (1928), discussing Haemonchus contortus (the common 
stomach -worm) and Oesophagostomunt columbianum (the nodular 
worm) infesting sheep, writes : " The worms live on blood (haemon- 
chus) or produce poisonous substances (oesophagostomum)." This 
sweeping statement, unsupported by experimental data, is misleading 
and cannot be accepted, especially when Curtice (1890), the original 
discoverer of O. columbianum, states that the parasites are attached 
o the membrane of the large intestine and cause lesions in various 
organs. 
Theiler (1921), in an admirable article on the ravages and lesions 
caused by the nodular worm of sheep, records the finding of worms 
attached to the mucous membrane -of the large intestine. Mönnig 
(reprint from Northern News, Vryburg), discussing O. columbianum, 
writes : " The worms are not attached to the wall of the intestine, 
but lie mixed up with the contents." " These worms are not blood 
suckers." My personal observations support the findings of Curtice 
and Theiler. 
The lesions observed in various organs (wall of small and large 
intestines, liver, omentum, mesenteric lymphatic glands, etc.) prove 
that the parasitic larval stage of this nematode is capable of inflicting 
considerable damage to tissues. There is no proof that the tissues, 
thus damaged, are not at some stage the producers of noxious sub- 
stances. 
That the migration of schistosome cercariae, adult schistosomes 
and their ova within the host, can damage the tissues is evident. 
That the damaged tissues cannot provoke the reactions observed has 
not been proved, but neither has it been disproved. The work of 
Lewis (1927) seems to support the view that stimulated or damaged 
tissues are capable of liberating irritants. 
Geurrini (1912), dealing with the influence of trematode parasites 
on man, concludes that there is little evidence of toxin production. 
Several workers [Bedson (1913), Paulin (1914, Meyer (1913), Seyder- 
helm, and others] by injecting various worm extracts into experimental 
animals have provoked clinical symptoms or have induced pathological 
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lesions in internal organs. These they attribute to toxins contained in 
the injected materials. They did not appear to have taken into con - 
sideration the nature of the substances injected. 
With the advance of biochemistry this " Tòxin theory " may one 
day be proved or disproved. In the meantime we have to accept. 
Nicoll's (1922) lines : " Geurrini, on the other hand, does not appear 
to deny that pathogenic action may result from mechanical irritation, 
from the withdrawal of material essential to the host's economy, and 
from the promotion of secondary infection." 
In South Africa the losses from the majority of gastro -intestinal 
parasites of sheep and cattle are seasonal and are most severe in a 
given locality when the natural grazing in that locality is at its worst. 
The rapid disappearance of Oesophagostomiasis this spring from 
the flocks of the western Transvaal and Bechuanaland at the appear- 
ance of green pastures, after the first rains, proves to my mind that 
" the withdrawal of material essential to the host's economy " is a 
most important factor to be considered in the fight against parasitic 
diseases. 
My personal observations are that sheep in good condition, kept 
on a well- balanced ration and free of other diseases, can only with 
difficulty be killed by infecting them with one species (Dietyocaulus f lania, Schistosoma ?nattheei, Haemonchus contortus, Oesophagosto- 
mum columbianum, or Trichostrongylus) at a time. 
In some cases (Dictyocaulus and sheep, and Haemonchus and 
calves) it was impossible to infect animals in good condition. In 
others the infection was established only to be lost again within a 
short time. On reducing the rations of these animals they became 
infected. These infected animals were saved, provided they were 
not too heavily infected, by putting them back on to well -balanced 
rations. They increased in weight and lost the infection. 
These experiments, conducted only with a few species, seem to 
indicate that animals in good condition possess the power of protect- 
ing themselves against certain helminths, and that infected animals 
when properly cared for can rid themselves of these worms. 
In the case of Schistosomiasis my observations, based on field and 
laboratory experience, prove that infected sheep, on good pastures or 
on a balanced ration, relatively free from other helminths or ecto- 
parasites and not unnecessarily worried, will not, during the produc- 
tive period of their short span of life, die as the result of S. mattheei 
infestation. Records suggest that even in man schistosomiasis is a 
remarkably benign malady. The cases recorded as having been fatal 
within a few years occurred undoubtedly in malnutritioned, over- 
worked, or otherwise debilitated individuals. Malnutritioned children, 
overworked, ill -clad, and underfed agricultural labourers, and already 
diseased subjects are likely to be very adversely affected by schisto- 
some invasion. The successful control, prevention, and eradication 
of tropical diseases depend on better hygiene, less fatigue, and more 
suitable food. 
That much of the injury caused by parasites is indirect, cannot 
be disputed. Do they unintentionally predispose their keepers' tissues to bacterial invasion or do they initiate this invasion as a defence 
against total extermination ? 
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Galli- Valerio's (1914) remarks, that the attention paid to bacte- 
riology has unduly distracted attention from the pathogenic propeties 
of- worms, still hold to -day. We must, however, admit that the time 
and energy devoted to bacteriology has furnished us with some 
valuable data, to be applied in the investigation of the pathogenic 
properties of helminths. 
If the future attempts at the control and the eradication of 
parasitic diseases are to be successful, there should be closer co- opera- 
tion between Biochemists, Pathologists, Bacteriologists, and Parasito- 
logists. 
Other Helmints collected from the Sheep infected with 
Schistosomes. 
In addition to Schistosoma mattheei, there were present (not 
necessarily all in any one animal) the species : - 
Paramphistomum calicophorum in the rumen; 
Fasciola hepatica ('one case) in the bile and pancreatic ducts; 
Haem,onchus contortus, Ostertagia circurncincta, Tr- ichostrongy- 
lus arei, and T. instabilis in the abomasum; 
T. instabilis, T. rugatus, Ostertagia furcata, Nematodirus 
spathiger, Bunostomum, trigonocephalum, Strongyloides 
papillosus, Oesophagostomum columbianum (nodules in 
gut -wall), Avitellina centripunctata, and Moniezia expansa 
in the small intestine; 
Trichocephalus ovis, O. column.bianum, in lumen of caecum and 
rest of large intestine; 
O. columbianum nodules in gut -wall not too frequent; 
Cysticercus tenuicollis in subperitoneum; 
Ecchiacoccus pranulosus (cysts) in liver and lungs; 
Dictyocaulus filaria in bronchi and bronchioles; and 
Gongylonema scutatum in the mucosa of oesophagus. 
The sheep which were dying were those simultaneously heavily 
infested with H. contortus and Dictyocaulus filaria. The former was 
successfully removed by the use of the Government Wireworm Remedy 
(a mixture of powdered copper suphate 80 per cent. and arsenic 20 per 
cent.). 
In well -fed animals the lung -worm infection was lost within six 
to nine weeks after arrival at the laboratory. By keeping the animals 
on short rations the infection was retained. 
Helminths collected from Small Antelopes shot in the 
Endemic Area. 
One adult bushbuck (Tragelaphus sylvaticus) and three steen- 
bucks (Raphiceros campestris Hunb.) were examined. The bushbuck 
yielded only three specimens of Setaria and from the steenbucks were 
collected only a few specimens of H. contortus and T. rugatus. The 
recovery of the latter from a wild ruminant, and its record hitherto 
from sheep in South Africa only, suggest that wild ruminants are 
the natural hosts. 
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FIG. 1. 
Sehistosoma mattheei Veglia and Le Roux (1929). The female partly 
imbedded in the gynaecophorus groove of the male. 
FIG. 2. 
A male with prominent ventral sucker. Note the dorsal groove. 
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FIG. 3. 
The visceral surface of a portion of a hyperErophic cirrhotic liver. 
Sheep killed. 
Fia. 4. 
Portion of liver (case Fig. 3) showing pigmentation especially towards 
the periphery. 
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FIG. J. 
Encapsulated groups of eggs arrested in the liver. Sheep died. 
Magn. 14 X. 
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FIG. 6. 
Two eggs and pigment in a hepatic branch of the portal vein. 
Sheep killed. Magn. 125 x . Spec. No. 8324. 
Fia. 7. 
Eggs arrested in a branch of the portal vein. Sheep died. 
Magn. 60 X. From Fig. 5. Spec. No. 8068. 
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FIG. 8. 
Encapsulated group of eggs in the periportal zone. Liver. Sheep died. 
Magn. 135 X. From Fig. 5. Spec. No. 8068. 
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FIG. 9. 
Hepatic branch of the portal vein, showing almost complete occlusion from 
an organized thrombus. Sheep killed. Magn. 70 X. Spec. No. 8775. 
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FIG. 10. 
Degenerative changes and pigmentation. Liver. Sheep killed. 
Magn. 75 x. 
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Fm. 11. 
Dead schistosomes arrested in the branches of the portal vein. Note the heavy 
pigmentation. Sheep killed after treatment with tartar emetic. Magn. 
14 X. Spec. No. 8068. 
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FIG. 12. 
Dead male arrested in a branch of the pórtal vein in the liver. Note cellular 
accumulation around the parasite. From a sheep treated With Antimony 
Potassium Tartrate. Magn. 135 x. Spec. No. 8068. 
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FIG. 14. 
Fia. 13. -The distal portion of the caecum showing heavy deposition (dark 
zones) of eggs in its wall. Sheep killed Magn. I X. Incised along the 
lesser curvature. 
Fia. 14. -A proximal portion of the caecum, same case as Fig. 13. 
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FIG. 15. 
Schistosomes in pairs in the veins draining the caecum and the ileum, 
Sheep killed. 
FIG. 16. 
Schistosomes in submucosa of small intestine. Pseudo- tubercles in the mucosa. 
propria. Note the ventral sucker (V.S.) of the male. Sheep killed. 
Magn. 17 x . 
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FIG. 17. 
Pigmentation of a hepatic lymph gland. Sheep killed. Magn. 135 X. 
Spec. No. 8058. 
FIG. 17A. 
Pigmentation of a hepatic lymph gland. Sheep killed. Magn. 75 X. 
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Fia. 18. 
Eggs in the mucasa of the small intestine. Sheep killed. Magn. 20. x. 
Fia. 19. 
Eggs in a piece of inúcosa from the caecum. .Sheep killed. Magn. 8 X. 
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Fio. 20. 
Eggs lying in the venules of the small intestines. Guinea -pig, artificially 
infected with S. mnattheei. Magn. 35 X. 
FIG. 21. 
Small intestine showing pseudo- tubercles in the mucosa propria, and 
the muscular layers. Sheep died. Magn. 26 X. 
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FIG. 22. 
Caecum showing pseudo -tubercles in the fibrosed submucosa and 
muscular layers. Sheep died. Magn. 15 x. 
FIG. 23. 
Small intestine showing pseudo -tubercles in submucosa and eggs migrating 
through the muscularis mucosa into the mucosa propria. Sheep 'killed. 
Magn. 40 x . Spec. No. 8323. 
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FIG. 24. 
Wall of caecum showing pseudo -tubercles in submucosa and mucosa propria. 
The muscularis mucosa is totally destroyed. Note cellular infiltration of 
the mucosa propria. Sheep died. Magn. 23 X. Spec. No. 7887. 
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Fm. 25. 
Eggs deposited in the submucosa of the caecum. Sheep killed. Magn. 135 x. 
Spec. No. 1862. 
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Fiu. 26. 
Pleura thickened, and numerous pseudo- tubercles. Lung. Sheep killed. 
Magn. 15 X. Spec. No. 7783. 
FIG. 27. 
Developing pseudo- tubercles. Lung. Sheep killed. Magn. 135 x. 
Spec. No. 7783. 
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FIG. 28. 
Pseudo -tubercles next to a bronchiole. Sheep killed. Magn. 7.35 X. 
Spec. No. 7783. 
FIG. 29. 
Pseudo -tubercles next to bronchiole. Sheep killed. Magn. 75 X. 
Spec. No. 7783. 
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Fie. 30. 
A male schistosome arrested in a pulmonary artery. Note the almost complete 
absence of pseudo- tubercles from this section. Sheep treated with tartar 
emetic and killed. Magn. 14 X. Spec. No. 8008. 
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Flo. 31. 
Developing pseudo- tubercle in a mesenteric lymphatic gland. Sheep 
killed. Magn. 120 X. Spec. No. 8325. 
FIG. 32. 
Early stage in the development of a pseudo- tubercle. Liver. Sheep killed after 
experiment via the skin with cercariae of S. vtattheei from l'hysopsis 
africava var. globosa. Spec. No. 8363. 
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FIG. 33. 
Developing pseudo -tubercles. Liver of a guinea -pig experimentally infected 
with cercariae of S. mattheei, obtained from Physopsis africana var. 
globosa. Magn. 70 x. Spec. No. 8624. 
Fia. 34. 
Centre pseudo -tubercle from Fig. 33. Magn. 135 X. Spec. No. 8024. 
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FIG. 35. 
Degenerative changes of the liver cells at the centre of the lobule. Cells 
around the portal tracts not involved to the same extent. Magn. 60 X. 
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FIG. 36. 
Pseudo -tubercle in the mucosa propria and an egg migrating through the 
tissues. Caecum. Sheep killed. Magn. 135 x . Spec. No. 8058. 
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FIG. 37. 
Calcified eggs in a páncreas showing a-portion degenerated. 
Magn. 75 X. 
Sheep killed. 
FIG. 38. 
Eggs in a lobule of the pancreas. No cellular infiltration 
Sheep killed. Magn. 75 X. 
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Fia. 39. 
Pseudo -tubercle pancreas. Sheep killed. Magn. 60 x. 
FIG. 40. 
Posterior ventral portion of the left lung showing pigmentation. Note the 
heavy deposition of pigment around the branches of the pulmonary artery. 
Lobules along the posterior ventral border show hardly any pigmentation. 
Sheep killed. 
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FIG. 41. 
Pseildo- tubercle in fold of zbomasum. Sheep killed. Magn. 60 X. 
Fm. 42. 
Small intestine showing diverticula and calcareous nodules and schistosomes (S) 
in the veins. Sheep killed. Magn. Natural size. 
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FIG. 43. 
Uesophagostomum columbiccnum nodule, showing the larva, in section, sur- 
rounded by leucocytes especially eosinophiles and endothelial cells. (E.C.) 
containing a brownish pigment. Sheep killed: Magn. 70 X. 
Fie. 44. 
Uesophagoston um columbianwm. nodules, showing fibrous tissue formation 
stimulated by the larva wandering in the liver. Magn. 35 X. This field 
was close to Fig. 43, and indicates a former habitat of the larva. Magn. 
35 x. 405 
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O.1 271, . 
FIG. 45. 
Eggs from the uterus of a female which had been subjected to tartar emetic 
treatment in vitro. 
Fie. 46. 
Kidney with the perirenal fat showing extensive fat necrosis. Sheep infected 
with S. mattheei. 
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Notes on the Life -Cycle of Schistosoma mat - 
theei and Observations on the Control 
and Eradication of Schistosomiasis in Man 
and Animals. 
By P. L. LE ROUX, B.Sc. (Edin.), M.R.C.V.S., Veterinary 
Research Officer, Onderstepoort. 
INTRODUCTION. 
THE life -cycles of the three common human schistosomes have been 
extensively investigated within the last fifteen years. Miyairi and 
Suzuki (1913) traced the development of S. japonicum in a small 
amnicolid snail. Leiper and Atkinson (1915) reared the cercaria of 
S. japonicum in the snail Blanfordia nosophora (Robson). Leiper 
returned to Egypt and within a few months proved that S. haemato- 
bium is transmitted by Bulinus contortus (Michand), B. dybowskii 
Fisher, and B. innesi (Pallary), and that S. mansoni has Planorbis 
boissyi Potiez and Michaud, as its invertebrate host. It is, perhaps, 
remarkable that Leiper did not trace the invertebrate host of S. bovis 
(Sonsino) which parasitizes domesticated ruminants in that area. 
Other schistosomes which have been recorded from man are : 
S. faradjei Walkiers, 1928, from the Belgian Congo, S. incognitum 
Chandler, 1928, from Bengal in India, and S. spindalis var. africana 
Porter, 1926. The first two mentioned were founded on the size and 
shape of their eggs, which are passed in the faeces. The adults are 
unknown. The species, S. spindalis var. africana (syn. S. spindalis 
of Cawston, 1928), was reared in mice, infected with cercariae from 
B. tropicus and P. pfeiteri. The snails were infected with miracidia 
hatched from schistosome eggs, obtained from the urine of two 
humans in South Africa. The morphology of this species is imper- 
fectly known. From the data available, it is evident that these three 
species should be regarded as species inquirendae until the adults 
are found. 
The size and the shape of the eggs within a species may show 
considerable variation, as will be evident from the figures (Plate I, 
Figs. I to VIII and 1 to 7). If the eggs alone are to be considered 
for the diagnosis of a species, it is evident that this Pretorian was 
infected with at least four or five different species of schistosomes. 
There are eggs present reminding one of those of S. haematobium, 
S. incognitum, S. bomfordi, S. vn.attheei, and S. spindalis. It would 
undoubtedly be most unusual to have one human infected with all 
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these species. The three last mentioned inhabit the radicles of the 
portal vein in domestic. stock and can therefore hardly be expected 
to prefer the urino- genital tract when localized in man. 
The schistosomes recorded from domestic stock are : - 
(1) S. bovis (Sonsino) Khalil 1924, from cattle and sheep in 
Africa and Europe (Italy, Sardinia), India, and from 
cattle in Cochin China. 
(2) S. bomfordi Montgomery 1906, from cattle in India and 
Southern France., 
(3) S. spindalis Montgomery 1906, from cattle, goats, and the 
water buffaloes in India and cattle in Sumatra. 
(4) S. indicum Montgomery 1906, from equines and sheep in 
India. 
(5) S. japonicum Katsurada 1904, from man and various mam- 
mals (horse, ox, sheep, cat, dog, etc.) in the Far East. 
(6) S. tuikestanicum Skrjabin 1913), from cattle in Russian 
Turkestan. 
(7) S. mattheei Veglia and Le Roux 1929, from sheep and 
cattle in the Cape Province: 
The invertebrate hosts of some of the schistosomes have been 
determined and may be briefly considered. 
The snails responsible for the perpetuation of. S. haematobium 
and S. mansoni in Egypt have been considered above. In South 
Africa the intermediate host of S. haematobium was first. demon- 
strated by Becker (1916) to be Physopsis africana. His findings 
have since been verified by Cawston, Faust, and Porter. Porter (1920) 
also incriminates Lymnaea natalensis Krauss, but judging from the 
prevalence of this snail throughout .a large area of the .Union and 
the localization of S. haematobium only in areas inhabited by 
Physopsis, it would appear that L. natalensis need not be considered 
as a vector in the spread of schistosomiasis. Porter (1925) names 
Physopsis conicurn as a host of S. h.aematobiur. In Portugal the 
host is Planorbis dufourii Graells, according to Franca (1922) and 
Bettencourt and Borges (1922) ; in Nyasaland it is, according to 
Dye (quoted by Christopherson, 1923), a species of Physopsis, allied 
to P. africana var. globosa (Morelet); in Sierra Leone, Blacklock 
and Thompson (1924) obtained, from P. africana var. globosa, cer- 
cariae which were reared to maturity in animals and proved on 
examination to be the adults of S. haematobium; in Tanganyika 
Territory the snail, Physopsis nasutu v. Martens, is held responsible 
by Corson, 1927; Ingram (1924) suspects P. globosa, as the carrier on 
the Gold Coast; in Cyprus, Leiper (1928) found B. contortus prevalent 
in the endemic area: In Lourenoo Marques it is P. africana var. 
globosa, according to Cawston (1925). 
Schistosoma mansoni is evidently by no means common in South 
Africa. Porter (1920) records that the South African fresh -water 
snails, Physopsis africana, Bulinus tropicus (Krauss), and Planorbis 
pfeifferi Krauss, can serve as intermediate hosts of this blood -fluke. 
Faust (1920) recognizes the cercariae of P. mansoni amongst cercariae 
from P. africana from Natal. In Venezuela, according to Iturbe 
and Gonzalez (1917), the intestinal schistosomiasis is propagated by 
Planorbis guadelupensis Sowerly. These authors also claim to have 
408 
P. L. LE ROUX. 
artificially infected Pomacea luteoxtoma and Planorbis cultratus. In 
Brazil the snails P. centimetralis Ad. Lutz and P. olivaceus Spix, 
are the hosts incriminated by Lutz (1919) ; in the West Indies it 
is P. antiguensis Gould, according to Jones (1923) ; while in Dutch 
Guinea Khalil (1921) found the snail P, olivaceus infected ; in 
Madagascar, Haslé (1928) found Planorbis madagascariensis infected ; 
Marin (1928) records that Hoffman had experimentally shown 
P. guadelupensis to be the host in Porto Rico. 
Schistosoma japonicu?n (Katsurada) was found by Leiper and 
Atkinson (1915) to be transmitted by Blanfordia nosophora (Robson) 
(syn. Oncom,elania nosophora; Katayama nosophora; Hypsobia noso- 
phora). Cort (1919) confirmed the findings of Leiper and Atkinson 
when he infected rats with cercariae from this snail. in Formosa 
the host is B. f ormosana Pilsbry and Hirase. In the Yangtze Valley, 
China, the host was found by . Melency and Faust (1923) to be 
Hemibia hupensis (Gredler) (syn. Melania. hupensis; Oncomelania 
hupensis; Melanis schmackeri). . 
Schistosoma spindalis Montgomery, 1906, was found by Liston 
and Soparkar (1918) to be naturally transmitted by Planorbis exustus 
Deshayes at Bombay. Fairley and Jasudasin (1927) infected water 
buffaloes experimentally. 
Schistosoma spindalis var. africana Porter, 1926, is, according 
to its discoverer, transmitted by Planorbis pfeiferi and Bulinus 
tropicus. Bequaert (1928) regards these experiments of Porter as 
inconclusive. 
The life -cycles of all the other animal schistosomes except that 
of S. mattheei are still to be determined. It would surely not be 
unusual to find that Bulinus contortus transmits the so- called S. bovis 
of Egypt, Sardinia, and Sicily. 
S. bovis (Sonsino) Khalil is, according to Cawston (1928), trans- 
mitted by Physopsis africana in Natal. Faust (1921) described, from. 
P. africana in Natal, the Cercaria octadena, which he believes to be 
the larval stage of S. bovis. 
There are cases on record (Cawston, 1921, 1922, 1927, and 1928) 
where spindle- shaped eggs resembling those of S. bovis have been 
observed in the urine of humans in Natal. Leiper (1923), who had 
the opportunity of examining some of these eggs observed by Caw - 
ston, has doubted this possibility because intermediate forms between 
these eggs ' and eggs typical of S. haematobium were observed. 
Brumpt (1922) expresses himself against such a possibility in the 
statement : " Cette determination est probablement inexacte, cas de 
dernier ver ne produit que des lésions intestinales chez le boeuf." 
Mahfuz (1927) has in Egypt recovered from the urine of a patient 
suffering from haematuria and painful micturition eggs believed to 
be those of S. bovis. Cawston (1928) writes : " In Natal, however, 
one sometimes encountered the eggs of other schistosomes associated 
with those of S. haematobium, and adult species of S. bovis have been 
reared from cercariae obtained from Physopsis. whilst S. spindalis 
has been successfully reared in the Transvaal and would seem to 
occur as a rare parasite of man in Natal." Cawston (1928) writes : 
" I am not aware that bilharziasis has been demonstrated in any 
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animal in South Africa, except in man." In a letter (quoted by 
Faust, 1926) dated June 29, 1920, Cawston wrote to Faust as follows : 
" Dr. R. T. Leiper has no hesitation in diagnosing some adult schis- 
tosomes from one of my guinea -pigs as Schistosoma bovis, which have 
not previously been found in South Africa ; but I have not yet traced 
the cow (the usual host) that infected the Physopsis used in the 
experiments. To this Faust (1926) remarks : " In fact, the ` cow,' 
hypothecated by Dr. Cawstou, may not be necessarily involved in the 
Schistosoma bovis life -cycle in Natal ; man may possibly serve in 
this capacity." Blacklock (1925), discussing schistosomiasis in 
Sierra Leone, asks the questiOns : " Is S. bovis present ?" and con- 
tinues : " The position of S. bovis appears to be somewhat uncertain, 
both geographically and morphologically, and also as regards the 
,vertebrate and mollusc hosts. The present vague conception of what 
S. bovis actually is makes it difficult for`workers in endemic areas to 
incriminate snail hosts, unless adult females containing eggs develop 
in the experimental animals." 
In the discussion of Blacklock's (1925) paper, Prof. Leiper refers 
to the paucity of intestinal infections in Sierra Leone with S. haema- 
tobium in marked còntrast to the findings of Chesterman in the Congo, 
where S. haematobium occurs mostly in the faeces. In Egypt the 
vesicle infection predominates, and it was because Harley (1864) 
found only terminal -spired eggs in the urine of his patients at Port 
Elizabeth that he named Distomurn capense to differentiate the South 
African blood -fluke from that recorded from Egypt, where lateral - 
spined ova were also common. 
Nessmann and Trenz have at Gabon in French West Africa found 
cases of intestinal schistosomiasis without indications of cystic 
involvement. The eggs passed in the faeces were terminal -spined 
and were taken for those of S. haematobium. No details as to the 
morphology of the adult parasite are available. The authors do not 
give figures or measurements of the eggs observed. Reynard and 
Leger (1922) have in Central Africa seen cases of rectal schistoso- 
miasis without vesicle implication. 
It has by no means been proved at autopsy that S. haematobium 
can ever produce intestinal schistosomiasis without involvement of 
the urinary bladder. Brumpt (1928) records the infection of a hedge- 
hog with S. haeinatobium. He observes that there was no invasion of 
the urinary bladder. I have not been able to consult' the original 
communication, but from the review of the article in the Tropical 
Diseases Bulletin it is not evident where he obtained the cercariae 
utilized for infecting the animal. My attempts to rear supposed S. 
haeinatobium .cercariae to the adult stage in sheep, white rats, and 
guinea -pigs have failed on four occasions. The cercariae used were 
mammalian schistosome cercariae obtained from P. africana var. 
globosa, collected in areas where urinary schistosomiasis is prevalent. 
This failure to infect rats with supposed cercariae of S. haemato- 
bium has been experienced by Ingrain (1924) on the Gold Coast, 
where he tried to infect rats with cercariae from Physopsis globosa, 
Morelet. The Physopsis was submitted to miracidium . hatched from 
eggs passed in the urine. He failed to infect Isidora forskali, Ehrn. 
and Physa waterloti, Germain. 
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Here, too, I feel quite satisfied that many of the reports dealing 
with the rearing of adults of S. haematobium in animals other than 
monkeys are by no means conclusive. It is perhaps not without 
significance to note that in the guinea -pig, the rats, and the hedgehog, 
there was no involvement of the urinary bladder, a phenomenon 
usually observed with S. bovis and S.. which both produce /- 4.4.awa.Loli 
terminal -spined eggs. S. bovis is morphologically, according to 
Leiper (1923), closely related to S. haematobium. This is borne out 
by Khalil's description of the female of S. bovis. S. mattheei is 
distinguished from S. bovis in that the female of the former has the 
vitelline glands limited to the posterior half of her body, while in 
S. bovis and S. haematobium they are limited to the posterior quarter 
of the body. S. bovis may therefore be readily mistaken for S. haema- 
tobium. Further experiments are necessary to prove that cercariae 
of S. haematobium can be reared to the adult stage in the animals 
claimed to have been infected. To prove this beyond 'doubt, it would 
be imperative that the' experimental snails be bred in captivity so 
as to exclude any possible infection with other mammalian blood - 
flukes. 
I do not doubt the possibility of rearing this human blood -fluke 
in mammals other than monkeys, but evidence is wanting. 
In the cases where I subjected sheep and guinea -pigs to supposed 
S. haematobium cercariae, there is evidence that development did 
.proceed up to a certain point. In Glisson's capsule there were areas 
showing cellular infiltrations similar to those seen in guinea -pigs 
and sheep infected with S. mattheei. The lungs, too, showed foci 
consisting of cellular. accumulations. In the centres of some of these 
foci appeared an amorphous mass suggesting dead cercariae or young 
schistosomes. These lesions were observed in sheep autopsied on the 
fiftieth day after infection through the skin. 
"SCHISTOSOMA MATTHEEI" VEGLIA AND LE ROUX 1929. 
Since the invertebrate hosts of the human blood -flukes are known, 
it was expected that one of them must be responsible for the trans- 
mission of S. matthei.. 
Dr. Veglia visited the endemic area, but he arrived there to find 
the rivers and the vleis (marshes) in flood. His search for snails was 
futile. Shortly after this he left the Government service and the 
rest of the investigation was entrusted to me. The endemic area was 
visited, but once more rain and extreme cold weather rendered the 
search for live snails of the genus Physopsis futile. The presence of 
a few empty shells proved the presence of Physopsis africana var. 
globosa. Leaves of Nympheae stellata were examined for speci- 
mens, but only specimens of Lymnaea natalensis were recovered. 
They proved non -infected with mammalian schistosome cercariae. The 
farm was next . visited in summer, when numerous specimens of 
P. africana var. globosa were collected from the under -surface of the 
leaves of the blue lotus. The first snail that was examined proved to 
be infected with a mammalian schistosome cercariae. Fifty specimens 
were examined, and of these forty -five were infected. Only the larger 
specimens yielded cercariae. Infected snails could be readily picked 
out owing to the abnormally pale colour of the invaded liver. Snails 
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were collected for experimental work at Onderstepoort, but very few 
arrived alive at Pretoria. With the cercariae from these snails I 
infected three rats, four guinea -pigs, and two young lambs. The 
animals were born and reared on the station, and were therefore free 
of schistosome infection. The rats and guinea -pigs 'were killed at 
varying intervals between the. fiftieth and sixtieth days, and in 
every case there were recovered schistosomes indistinguishable, except 
for size, from those parasitizing the sheep in the endemic area. The 
sheep were passing eggs from the fiftieth day after infection. The 
one animal was killed for autopsy six months later, and was found 
heavily infected with the identical species from Humansdorp. 
THE CERCARIA OF SCHISTOSOMA MATTHEEI. 
The study of the morphology of the cercariae from Physopsis 
africana var. globosa shows that the integument is armed with spines. 
In this respect it differs from Cercaria octadena Faust 1921, that is 
regarded as the larval stage of S. bovis. The flame cells are arranged 
as described . for S. haematobium. In preserved specimens the body 
measures 160µ to 26Oµ in length by 65,u to 80µ in diameter. The 
trunk of the tail varies in length between 180µ to 280µ and has a 
width of 38u to 42u. .The furci measures from 80µ to l20µ. The 
dimensions of the anterior suckers were 56µ to 80µ by 40µ to 46,u. 
The cephalic secretory glands numbered four (two pairs are acido- 
philie, while the remaining pairs are basophilic). In this respect the 
cercaria resembles C. octadena, with which it may be identical except 
for the presence of the cuticular spines. 
Leiper (1915) considers that animal experiment gave the most 
satisfactory differentiation between the two species S. haematobium 
and S. viansoni. This is undoubtedly a more satisfactory and sure 
means of differentiating between species than the more laborious 
method of differentiating morphologically. Blacklock (1925), com- 
menting on the identification of schistosome cercariae, writes : " It 
would be a 'great advantage to discover some quicker way of proving 
a snail to be a carrier of S. haematobium infection than the method 
of animal experiment, and it is possible that some such method may 
yet be found; owing to the morphological resemblances of Schisto- 
some cercariae, it does not seem that diagnosis by this stage is 
reliable. . ." " Attraction of miracidia to snails does not appear 
accurate, nor does the subsequent recovery from the snail of ` typical 
S. haematobium cercariae ' until we know what does indeed con- 
stitute such." 
The development of the miracidium to a cercaria in the digestive 
gland of the snail is not unlike that described for Other schistosomes 
(the miracidium ->- sporocyst ->- daughter sporocysts -*- cercariae 
which penetrate the skin or buccal mucosa of the definitive host). 
While experimenting with fresh -water snails and the newly 
hatched miracidia, it was found that the latter are attracted by 
P. africana var. globosa,. Ly?nnaea natalensis, and a species of 
Bulinus, but not in the least by Planorbis p f ei, f eri. The cercariae 
would attach to the foot, head, and the antennae of the three first - 
mentioned snails, but were never observed to penetrate into these 
parts, even after having been attached for fully quarter of an hour. 
The normal route of infection seems to be via the respiratory tract. 
412 
P. L. LE ROUX. 
If a snail is watched in the presence of a few attacking miracidia, it 
will be observed that those drawn into the pulmonary cavity with the 
inrushing water are hardly ever returned. By counting the cercariae 
in a dish of water and then watching the snail, which has been 
dropped in, it was found that all the miracidia disappeared into the 
pulmonary cavity. When different snails were simultaneously added, 
the miracidia seemed to show a slight preference for Physopsis and 
a decided preference for the larger snails. Hitherto it has only been 
possible to rear the miracidia to the cercarial stage in Physopsis, and 
this was only successful after repeated attempts. Most of the snails 
would die within a week after subjection to infection. At first the 
controls could not be. kept alive for more than four weeks. Physopsis 
is not easily kept alive under the conditions here. By continually 
adding leaves of the blue lotus they seem to do much better. 
The other snails (Lymnaea natalensis, Bulinus sp., and Planorbis 
p f ei ff eri) bred well in captivity. 
BIONOMICS OF P. AFRICANA VAR. GLOBOSA IN 
THE ENDEMIC AREA. 
Blacklock and Thompson (1924) remark that Physopsis c.f. 
globosa Morelet was found " in waters which lay or ran slowly on 
a muddy bottom, where weeds or grass grew in the water, and under 
high or low shade." At Humansdorp this species was found in locali- 
ties where the river had overflowed and had formed pools off its main 
course or where the main course had been dammed up. I can confirm 
the observations of the two workers, quoted above, except that as 
regards shade the opposite was the case with the carrier of S. mattheei. 
Local climatic conditions may account for this variation. Humans - 
dorp is situated about fifty miles south -west of Port Elizabeth and 
the average temperature is undoubtedly below that of Sierra Leone. 
At Humansdorp the snails were most numerous on the under -surface 
of the leaves of the blue lotus growing in direct sunlight and where 
the bottom of the pool was covered with decomposing vegetable 
matter mixed with mud. The snails seem to favour those pools where 
the depth of the water varies between three and four feet. 
CAN SCHISTOSOMA MATTHEEI INFECT MAN? 
Judging from the fact that the pool responsible for the infection 
of the sheep is used by man and beast alike, it is only natural to 
assume that if man could be infected, the human beings on the farm 
should have been. Both urine and faeces were examined with nega- 
tive results. The infected pool is about two miles long, but only 
about twenty yards wide and, except at the one end, very deep. 
On my second visit there I suggested bathing in that portion 
where there were no snails, but the young fellows assured me that 
my skin would " burn " for hours if I did. This, they informed 
me, was especially the case towards the end of summer. I next tried 
to get them to have all the lotus leaves removed so that I could test 
the effect of copper sulphate on the snails. They could not be per- 
suaded to enter the water. Two young natives (ages about 16 and 19) 
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were engaged to clear the portion measuring about twenty yards by 
twenty -five yards. After having been at it for two hours, they were 
continually scratching the more tender parts of their bodies. Needless 
to say, they never cleared the pool. Their faeces and urine were 
examined the next day, two months and three months later, but 
always with negative results. Although these findings are perhaps 
by no Means conclusive, they seem to disprove the possibility of man 
normally functioning as a definitive host for S. mattheei. At first I 
was incliiied to suspect this parasite as responsible for those cases of 
intestinal schistosomiasis, without cystic implication, associated with 
terniinal- seined eggs as recorded from Central Africa, but my observa- 
tions in Humansdorp seem to disprove this possibility. 
It is undoubtedly .noteworthy that, although vesicular schistoso- 
miasis has been known in Port Elizabeth for over half a century 
[Harley (1864) records the first cases], the infection has never spread 
to Humansdorp. Dr. Wentzel, a retired medical practitioner, 
informed me that he had never met with a single case locally. 
Schistosomiasis is by no means as widespread in the Cape Province 
as suggested by the chart (Fig. 584) published in Byam and Archi- 
bald. That chart is a misstatement of facts. Judging from the 
public interest shown in the schistosomiasis question, the disease is 
probably not as widespread as some would have us believe. The 
disease seems localized to certain well- defined areas. 
THE ACTION OF TARTAR EMETIC, EMETINE HYDRO - 
CHLORIDE AND SB. 212 ON "SCHISTOSOMA MATTHEEI " 
IN THE MERINO. 
This is a preliminary communication on the results obtained 
with certain chemicals against a schistosome infesting sheep and 
cattle in the Cape Province. 
Literature dealing with the treatment of schistosomiasis in sheep 
is apparently non -existent. Fairley (1924 and 1926) reports on his 
results with tartar emetic and emetine hydrochloride against Schisto- 
soma spindalis, Montgomery 1906, in goats. These goats were experi- 
mentally infected. He records that tartar emetic, administered 
intravenously in doses of 3.9 to 5.5 mg. per kg. body weight and 
continued daily for sixteen to twenty -six days, is capable of curing 
S. spir&dalis in goats. Emetine hydrochloride was found to be effective 
when administered in doses of 0.7 to 1 mg. per kilogram body weight, 
and continued daily for ten to fifteen days. He observes that this drug 
proved to be quite as specific as tartar emetic, but is more toxic to 
the host. 
The literature treating with the curative effects of tartar emetic 
and emetine hydrochloride in human cases is voluminous. Each 
drug has its champions. Fairley (1926), in a concise but comprehen- 
sive summary, enumerates the findings recorded by various workers. 
In the discussion which followed Fairley's paper (1926), several 
of the pioneers in the campaign against schistosomiasis stated their 
views. Christopherson, a great believer in tartar emetic, expressed 
the opinion that emetine. hydrochloride is neither as efficacious nor 
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as safe as tartar emetic, and that schistosomes may become " fast " 
or " tolerant " to either of these drugs. He next remarked that 
Fairley did not mention the direct action of tartar emetic and emetine 
on the eggs in the tissues, though he (Fairley) indicates that there is 
an indirect action through the females. Christopherson concluded by 
stating that tartar emetic acts directly on the parasite and not 
indirectly through the tissues of the host, as Fairley is inclined to 
conclude from his experiments with tartar emetic and emetine hydro- 
chloride on schistosome cercariae in vitro. 
Day followed and observed that, weight for weight, boys required 
larger doses than adults. The next speaker was Hodson, who wanted 
to know whether eosinophilia would not be a more suitable clinical 
test than the complement fixation reaction, advocated by Fairley. 
Low referred to the fact that Fairley found, in treated animals, males 
with the females absent or reduced in numbers, and -concluded that 
some- of the clinically cured human cases might still harbour males. 
He concluded by pointing out the importance of antimony in Tropical 
Medicine, where its compounds are to -day utilized for. curing schisto- 
somiasis, trypanoso-iniasis, kala -azar, and ulcerating granuloma. 
Clayton Lane observed that Fairley's findings indicated that, as 
with quinine and the malaria parasites, it was not the drug which 
killed the parasites, but a derivative of it formed in the body of the 
host. Wenyon was not prepared to accept Fairley's conclusions as 
regards the indirect action of the drugs, and rightly suggested that 
the serum of an animal which had been treated should be compared 
with normal serum as regards its lethal properties on cercariae in 
vitro. Manson -Bahr concluded the discussion by stating that he had 
found Von Heyden " 471 valuable in kala -azar, but quite useless 
against schistosomiasis. 
That the antimony compounds do act indirectly on the schisto- 
somes cannot be wholly denied and is evidently not without a parallel 
in helminthology. The aCtion of carbon tetrachloride on the members 
of the genus Fasciola seems to. be indirect. It is now generally 
accepted that this drug has no action on the immature flukes located 
outside the lumen of the bile -ducts. While testing carbon tetra- 
chloride against the common liver -fluke of sheep in the eastern 
Transvaal in 1926, I observed that the flukes,, collected from the gall- 
bladder and the bile -ducts twenty hours after the administration of 
the drug, appeared with the posterior portions of their bodies 
necrosed. The tissues in the immediate neighbourhood of the suckers 
appeared apparently normal (Fig.4I). It was undoubtedly the 
degenerative changes in the cuticle and the posterior portion of the 
body that rendered the cuticular spines functionless and led to the 
expulsion of the parasites. Liver -flukes were then collected from 
sheep at the municipal abattoir at Ermelo and dropped into pure 
carbon tetrachloride and others into a mixture of this chemical and 
raw linseed -oil. They were kept in these fluids for twenty hours 
without showing the changes observed in vivo. This, together with 
the fact that immature flukes escaped, seems to indicate that carbon 
tetrachloride acts indirectly on Fasciola, and that. the compound 
responsible for the death of the parasite is formed after the drug 
reaches the bile -ducts. 
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With an increased dose (the dose required to kill liver -flukes is 
1 c.c. of carbon tetrachloride) the degenerative changes were more 
marked after twenty hours than with the minimum dose. 
Some authors have attributed the fatality following the use of 
carbon tetrachloride in infected animals to toxins liberated by the 
decomposing flukes. Experiments at Onderstepoort have shown that 
young cattle in good condition and free of fluke infection are very 
susceptible to carbon tetrachloride and could be poisoned by a dose 
.(10 c.c.) which produced no- visible ill -effects in old Merino ewes which 
were badly infected with flukes. 
Minot (1927) has suggested that the lack of calcium in an animal's 
body may increase the toxicity of the drug. Certain workers on the 
mineral requirements of the animal body claim to have proved that 
the presence of magnesium has an influence on the calcium meta- 
bolism. This may explain the apparent decrease in the toxicity of 
carbon tetrachloride when magnesium sulphate is administered simul- 
taneously with the drug. 
The failure of male -fern preparations to kill the immature flukes 
which are still located in the liver tissue outside the bile -ducts 
suggests that the active principle of these drugs acts indirectly. 
THE INFLUENCE OF TARTAR EMETIC ON THE 
SCHISTOSOMES IN VIVO. 
Two sheep, in poor condition and weighing 39 and 43 pounds 
respectively, received intrajugularly 36 grains of tartar emetic. Each 
animal received 4 c.c. of a 6 per cent. solution every other day. 
When the day for injection fell on a Sunday, the dose was adminis- 
tered on the Monday. The first dose was received on the 23rd April, 
1928, and the last one on the 9th May, 1928. One animal was killed 
on the 28th May, 1928, for autopsy and showed a few very small 
schistosomes, in pairs and singly, in the smaller veins of the mesen- 
tery. A few were also collected from the hepatic ramifications of 
the portal vein, the right ventricle; and the pulmonary arteries and 
their branches. 
Emboli containing dead parasites were numerous- in the ramifica- 
tions of the portal vein in a markedly cirrhotic and pigmented liver. 
Emboli, caused by the arrest of dead schistosomes in the smaller 
branches of the pulmonary. arteries, were frequent in both lungs. 
Males and females were present in equal numbers. The females, 
being dark in colour and thinner than the males, had to be specially 
looked for. 
The effect of tartar emetic in influencing the habitat of this 
schistosome has been stressed in another publication (Le Roux, 1929). 
SOMATIC CHANGES OBSERVED IN SC'HISTOSOMES SUB- 
JECTED TO THE ACTION OF TARTAR EMETIC IN VIVO. 
I -have been unable to trace any communication recording somatic 
changes in schistosomes subjected to the lethal action of either tartar 
emetic, emetine hydrochloride, emetine periodide, Sb. 212, carbon 
tetrachloride, or any other drugs. The presence of deformed eggs 
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in utero has been recorded from females that had been subjected to 
drugs injurious to schistosomes. 
The microscopic examination of specimens, recovered from the 
treated sheep, showed marked somatic changes from the normal. The 
parasites were much shrunken both in length and in breadth. The 
length was reduced to approximately one -fourth of the normal. The 
intestinal caeca, in the male, presented a most tortuous course, indi- 
cating that shrinkage in the length of the gut was not proportional 
to that manifested by the body. This latter phenomenon was even 
more pronounced in the dead specimens arrested in the liver and 
in the lungs. 
The testes were reduced in size and their contents were more 
translucent than normally. 
The muscular layers of the body were reduced in depth. 
The microscopical examination of the females revealed con- 
spicuous changes in the genital organs. The uterus contained either 
no eggs, or only a few. The eggs present were almost invariably 
reduced in size and with the spine abnormally shaped (Figs. 37, 38, 
39, and 40). The ovary was decreased in size, and its contents 
abnormally translucent. The common intestinal caecum, empty and 
tortuous, was surrounded by vitelline glands which were no longer 
of that characteristic dark colour as seen in the normal parasite. 
THE ACTION OF TARTAR EMETIC ON THE OVA 
IN VIVO. 
Christopherson's view has been stated. It has its supporters and 
its opponents. Neither group has proved its case beyond dispute. 
Much more experimental work is to be undertaken to prove or dis- 
prove either the one or the other view held. Before their hypothesis 
can be accepted as proved Christopherson and his supporters will have 
to ascertain the time required by the egg to reach the lumen of the 
organ in the wall of which it was deposited. 
Maciel (1926) records that the eggs of S. inansoni are passed out 
of the body normally within twenty -four hours of being laid. He 
further observes that a low barometric pressure increases the egg 
output. He attributes this increase to influence on the worm. There 
is no proof that the female is induced to lay more eggs. The passage 
of the ova through the tissues is more probably affected. 
The faeces of the autopsied sheep yielded live miracidia up to 
the, time of killing. From the fifteenth day after treatment there 
was a most marked decrease in the amount of bloodstained mucus 
passed. When the animal was autopsied there were still eggs; con- 
taining live miracidia, present in the mucosal scrapings. There was 
a most significant decrease in the number of eggs present in the faeces. 
The other sheep passed no live eggs after the fifth week. 
EMETINE HYDROCHLORIDE AND SB. 212. 
Emetine hydrochloride was administered as recommended for 
goats by Fairley (1926). The results on the two animals used were 
most disappointing. The presence of schistosomes, slightly reduced 
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in size, in the lungs of the animal killed a month later proves that it 
had some effect. The second sheep was killed four months later and 
normal schistosomes were recovered. 
The price of this drug will limit its use in the control of schisto- 
somiasis in domestic stock. 
Sb. 212 was tried in double the close recommended by Khalil for 
humans. The results were even more disappointing than with emetine 
hydrochloride. No other drugs have been tried to date. 
The two last -mentioned drugs can be administered subcutaneously 
or intramuscularly without ill- effects, as has been proved by experi- 
ments on normally healthy sheep. 
Excessive doses of emetine hydrochloride caused a marked 
hyperaemia of the membranes of the mouth, pharynx, and larynx. 
On continuing the dose, the hyperaemia was followed by oedema and 
ultimately ulcerations and necroses of the mucosa of the parts men- 
tioned above. These lesions were accompanied by similar lesions of 
the mucosa of the oesophagus, rumen, reticulum omasum, abomasum, 
and the small intestine. The two last mentioned were badly affected. 
Degenerative changes were present in the liver. 
THE QUANTITY OF TARTAR EMETIC REQUIRED TO 
EFFECT A CURE IN INDIVIDUAL CASES. 
It has been repeatedly stated that, weight for weight, boys require 
more than adults. This may be due to (i) the absence in boys of a 
substance which interacts with the drug and forms a compound or 
compounds lethal to schistosomes ; that the drug may indirectly affect 
the_ parasites seems quite probable ; and (ii) the reduced concentration 
of the drug in -the circulation. 
It seems quite logical to expect that the minimum amount 
required to kill the parasites in an adult will also be the minimum 
lethal dose for those parasitizing children. 
In Byam and Archibald (1923) the treatment recommended for 
humans consists of two courses with an interval of seven days between 
them. Each course consists of a series of five intravenous injections, 
one being given every second day. According to them, adults will 
have received 18.5 grains and boys about 13 grains of tartar emetic 
at the end of the second course. Khalil (1926) gives three injections 
per week for three weeks. The tartar emetic is given in a 6 per cent. 
solution (1 c.c. of this solution contains about 1 grain of the drug). 
His first dose is 0.5 c.c. This is increased to 1 and 1.5 c.c. for the 
second and third doses respectively. For the rest of the course the 
dose is 2 c.c. 
Khalil's system is much preferable to that recommended in Byam 
and Archibald (1923). The interval of seven days undoubtedly favours 
the survival of parasites. 
Khalil found sodium antimony tartrate as efficient as tartar 
emetic. This salt is more expensive and much less stable than the 
latter. He also tried Sb. 212, and recommends it for children and 
fat individuals where intravenous injections are not advisable, but 
where intramuscular injections are more practical. This drug has 
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been used on she in the field and had,, according to the farmer, 
beneficial effects. My experiments at this Institute did not verify 
this. It must be stated, though, that the worse affected animals were 
bought for experimentation. 
The Sb. 212 used had been in store for over two years, and 
several of the bottles showed that the salt had changed to a partly 
insoluble mixture. On dissolving it in water a reddish deposit was 
precipitated. 
THE TECHNIQUE EMPLOYED FOR INTRAVENOUS 
ADMINISTRATION OF TARTAR EMETIC IN SHEEP. 
The sheep to be treated are removed from the general flock and 
the wool clipped off the right side of the neck. The wool is closely 
clipped over the course of the jugular vein. This is best accomplished 
with curved scissors. ` 
The following morning the first injections are given and repeated 
every other day. The first injection of 2 c.c. of a 6 per cent. solution 
is followed by a second of 3 c.c. and a third of 4 c.c., which is con- 
tinued until the tenth injection has been given. The 6 per cent. 
tartar emetic should be freshly prepared every time and sterilized 
by boiling for a few minutes. By using freshly prepared solutions 
hardly any oedema develops at the site of inoculation, and the ten 
injections can be administered on the same side. Where several sheep 
are to be inoculated, it is advisable to use a 20 c.c. syringe and to 
have the solution ready in bottles holding 100 c.c. each. A few spare 
sterilized syringes and a needle for every five sheep should be at hand. 
For controlling the animal on its side on the ground, two 
assistants are required. One holds the animal's feet and the other 
presses on the jugular vein at the base of the neck and holds the 
syringe while the needle is inserted. The animal's head and neck are 
controlled by the right knee and the left foot of the operator kneeling 
at its side. The right knee is placed behind the animal's neck and 
the heel of the left foot pushed against the jaw holds the head 
extended in a straight line with the neck. The needle is inserted into 
the distended vein, and as soon as blood flows from it the syringe 
is connected, the assistant releases his hold on the vein, the required 
amount of solution is injected, and the sheep is released to wander 
off at ease. 
With willing assistants it is possible to do at least eighty or more 
sheep an hour. 
When emetine hydrochloride is used intramuscularly, it is best 
administered into the muscles of the thigh. A much thinner needle 
is now used. The selected limb should be firmly held during the 
operation. 
These operations should, for preference, never be attempted in 
the kraal or shed as is commonly met with in South Africa. When 
the operation is performed in a kraal or near it, there is a great risk 
of inoculating the animals with virulent gas -gangrene producing 
organisms. 
Prior to the operation, the site of inoculation is rubbed with 
cotton wool soaked in 5 per cent. carbolic acid in soft water. 
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OBSERVATIONS ON THE CONTROL OF SCHISTOSOMIASIS 
IN MAN AND ANIMAL. 
Within the last fifty years the life -cycles of at least twenty 
trematodes parasitizing man and his domestic mammals and birds 
have been determined. The life- cycles of seventeen species have been 
determined since 1915. 
Various authors, bearino. in mind these findings, have hypothe- 
cated measures for the control and the eradication of trematode 
diseases. Some of the measures suggested have evidently never been 
put to the test ; at least, there are no records of their successful 
application. Others seem rather impracticable for general applica- 
tion. 
That all mammalian schistosomes require molluscs for their 
successful propagation in a given locality can no longer be disputed. 
It is, therefore, evident that the vulnerable points in their life -cycles, 
to be aimed at, are; - 
(1) The adult parasite, which may be successfully exterminated 
by irrigating the veins of the infected vertebrate host with 
tartar emetic or any other drug lethal to schistosomes. 
(2) The miracidia, which should be prevented from reaching 
its hosts by preventing infected urinary and faecal matter 
from gaining access to the snail -infested wateis. 
(3) The interm..ediate host, which can be eradicated by the 
administration of poisonous substances to the infested 
waters, by drying, or by other means. 
(4) The cercariae, which should be prevented from reaching the 
definitive host. 
(1) THE ERADICATION OF THE ADULT SCHISTOSOMES_ 
FROM THE DEFINITIVE HOST. 
Although MacDonagh had good results with tartar emetic in a 
few cases during the Boer war, he only published his findings, to 
which he seemed to attach little importance, in 1917. To Christo- 
pherson (1917), from Khartoum, is due the credit of bringing the use 
of tartar emetic to the notice of a world clamouring for a specific 
cure against that debilitating disease Schistosomiasis (Vel B'ilhar- 
ziasis). 
Hutchison (1913) was evidently the first to note the efficacy of 
emetine hydrochloride against the Eastern schistosome (S. japoni- 
cum). It has since been proved lethal to other schistosomes. Most 
practitioners seem to prefer using tartar emetic to emetine hydro- 
chloride, which is said to be somewhat toxic to the host. 
Organic compounds of antimony have been experimented with 
and good results are claimed for Bayer Sb. 212 (Khalil, 1926), and 
Antimosan [Orensteiñ (1928), Specht (1926), and others]. Cawston 
(1929) refers to Orenstein's findings, and expresses the view that 
antimosan is likely to prove as disappointing as several other antimony 
preparations. Khalil (1926) reports favourably on the use of sodium 
antimony tartrate. He has also used antimosan, stibenyl, and urea 
s tibamine, but refrains from drawing conclusions. Gordon (1926) 
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reports favourably on the use of emetine periodide in the treatment 
of S. haematobium infections in children. This is a very expensive 
and rather unstable preparation. 
Tootell (1923) is not favourably impressed with mercurochrome 
220 soluble. Miyagawa (1926) has found stibnal and " neostibnal " 
effective in the treatment of S. japonicum. Stibnal is evidently 
sodium antimony tartrate and is acid in reaction, while the " neo- 
stibnal " is stibnal rendered slightly alkaline. 
Cawston (1928) records good results with carbon tetrachloride. 
I have tried this drug on infected sheep, but without success.. Shat- 
tuck and Willis (1928) report that antimony sodium thioglycollate and 
antimony thioglycollamide had favourable effects in cases of urinary 
schistosomiasis. They claim that these drugs are much less toxic than 
tartar emetic. 
Christopherson (1928) is convinced that the only method of eradi- 
cating schistosomiasis from a given locality is to rid both snails and 
humans of the infection by irrigating the veins of the definitive host 
with tartar emetic. He observes that South Africa is adopting this 
line of action by treating the school children in the endemic areas. 
(2) PREVENTING THE MIRACIDIA FROM REACHING 
THEIR HOSTS. 
Blacklock (1925) has rightly remarked that endemic schistoso- 
miasis is a sign of inadequate education in hygienic principles. The 
same holds in South Africa, where the insanitary disposal of human 
excreta is also responsible for the prevalence of cysticercosis in cattle 
and pigs. Sanitation in some of our villages leaves much to be 
desired. 
In the life -cycle of the human schistosomes the miracidia can 
be successfully dealt with. In domestic stock the prevention of water - 
pollution with animal excreta would not be so easy. On some farms 
there are only a few snail- infested pools, and these should be fenced 
off. Municipalities should pass by -laws prohibiting the bathing and 
fishing in streams or rivers within the municipal boundary. The 
control of water- pollution should be more strictly conducted than is 
at present the case. 
(3) CONTROL AND ERADICATION OF THE 
INVERTEBRATE HOST. 
Before an attack on the snails is launched, the species responsible 
for the transmission of the worm must be conclusively proved, or 
much energy and money may be wasted. A careful study of the 
bionomics and the susceptibilities of the intermediate hosts may 
suggest the means by which they can be most readily eradicated. 
Methods which have been suggested for the eradication of snails 
are : - 
(i) The Use of Chemicals lethal to Fresh -water Snails. 
Thomas (1883) suggests dressing the ground with lime or salt, 
or both, to destroy the snails responsible for the transmission of 
F. hepatica. Leiper (1915) suggests the use of chemical agents such 
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as ammonium sulphate. Chandler (1920) observes that one part of 
copper sulphate to from 500,000 to 2,000,000 of water destroyed 
several species of snails within two days. Leiper (1922) notes that 
copper sulphate in the dilution 1 in 5,000,000 kills Bulinus contortus 
and Planorbis boissyi, while Lymnaea truncatula required a dilution 
W of 1 in 2,000,000. alton and Jones (1925) recommend the use of 
copper sulphate, in one -half per cent. dilution, against Lymnaea 
trunculata. They did not find ammonium sulphate as effective. 
Other chemicals which have been successfully used are slaked 
lime and calcium cyanamid in concentrations of 0.1 per cent. Nagano 
(1926) found a 0.2 per cent. mixture of " lime nitrogen " efficacious 
against snails in Japan. Cawston (1928 a) states that the plant 
Tephrosia macropoda is highly toxic to Physopsis sp. and suggests 
that it should be utilized for eradicating the intermediate hosts of 
schistosomes. In a later communication he states that the active 
principle of the plant would appear to be about a hundred times more 
toxic than copper sulphate is for Physopsis. 
I have tried copper sulphate in a dilution of about 1 in 2,000,000 
on Physopsis africana var. globosa in a pool, and it killed all of them 
in eighteen hours. Thus far I have invariably found Physopsis in 
pools and backwaters in permanent collections of water. As in the 
Transvaal these collections are at their lowest in winter, it is evident 
that this is the time for poisoning the snails. At Humansdorp the 
flow in the river was lowest during the summer (the non- raining 
season).. The non -rainy season should be selected for the attack on 
the snails. 
(ii) Subjecting the Snails to Sudden Drying. 
Leiper (1915) suggests killing off Bulinus by subjecting it to 
sudden drying in the irrigation canals. This mode of killing snails 
may be practical in irrigation canals in Egypt, but cannot be utilized 
in the schistosome- infected areas of the Union. Lymnaea -natalensis 
may be controlled on liver -fluke infested farms by draining the 
marshy pastures. 
(iii) The Keeping of Domestic Ducks. 
Keatinge recommends the keeping of flocks of domesticated ducks 
for eradicating the snails. Cawston claims to have had good results 
with ducks. This mode of snail eradication needs closer investigation. 
There are hardly any experiments on record which prove the use of 
the domestic duck as a means of controlling the increase of the 
molluscs. My personal experience is that Lymnaea natalensiss may 
flourish in the pools frequented daily by ducks. 
(4) THE CERCARIAL AND THE DEFINPTIVE HOST. 
All pools known to be infested with schistosome cercariae should 
be avoided. In the case of the animal schistosomes, the pool or pools 
may be fenced off. If there is no other water available for drinkincr 
the stock, the water in one or more of the pools should be treated 
with copper sulphate to kill the intermediate hosts and the cycle thus 
arrested. 
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According to Leiper (1915), the cercariae can survive for. only 
forty -eight hours. Where water is pumped from infected pools into 
tanks, it should not be used for two days. The use of " tabloids " 
of sodium bisulphate, 16 grains to a pint of water, is said to kill off 
the cercariae and renders the water safe for human consumption. 
The campaign against schistosomiasis must be conducted ener- 
getically, and both the definitive and the intermediate hosts should 
receive due attention. It is undoubtedly a waste of public funds to 
treat school children while the adults and the molluscs roam about 
unattended. Khalil (1927) records the successful eradication of 
bilharziasis from an endemic area by the use of copper sulphate. 
During a recent visit by some northern Transvaal farmers to 
this Institution it became evident that they knew little about the 
cause and prevention of urinary schistosomiasis. Most of them had 
never even seen the snail responsible for the transimssion of S. haema- 
tobiuìn. Some of them questioned me for quite a time. One of the 
more elderly men ultimately asked me whether the medical practi- 
tioners did not know " all about it," or, if they did, why they did 
not tell them. Some of my experiences with medical practitioners 
prove that the farmer had reason,to ask that question. 
The endemic areas of the country are evidently flooded with 
leaflets dealing with the cause and spread of haeinaturia, but an 
ocular demonstration of the worms will impress the inhabitant more 
than the leaflets. The farmers should be made to realize that the 
present insanitary conditions on their farms leave much to be 
desired. The following quotation from a recent Editorial in the 
Journal of the Medical Association of South Africa is pertinent: - 
We have tinkered with many subjects -with public health, medical 
supervision of schools and scholars, malaria prevention, medical 
service for rural communities, and many other matters -hut we have 
not tackled one of these with energy, foresight, and the desire to make 
the public see that our point of view is, after all, the national point 
of view. In the future we must take our responsibilities much more 
seriously, subscribing to Larrey's formula that ` a physician is a 
priest who should preach and practise.' 
The same writer also makes the statement : " It has been said 
that we have larger sums of money devoted to animal research than 
to medical research." 
The treatment of school children will, according to a recent 
newspaper announcement, be continued this year, but let us hope 
that due attention will be paid to the native and the snail. 
I was recently told by a gentleman from Zululand that the charge 
for the course of treatment for schistosomiasis is £15. This is, accord- 
ing to the Star of Johannesburg, also the charge in some parts of the 
Transvaal. Very few of the poor whites can afford this, especially 
when they have more than one child infected. According to some 
reports, the control of schistosomiasis is of national importance. The 
disease is undoubtedly on the spread. This spread must be attributed 
. to the movements of infected humans. 
The practice of trekking with sheep about the country in times of 
drought has been forcibly demonstrated as a means of disseminating 
hehninths. During the last serious drought several flocks were grazed 
423 
LIFE -CYCLE OF SCHISTOSOMA MATTHEEI." 
in the endemic area in the Humansdorp District. Most of these flocks, 
fortunately, returned to areas claimed to be free of molluscs. 
THE SOUTH AFRICAN FRESH -WATER SNAILS RESPON- 
SIBLE FOR THE SPREAD OF TREMATODE DISEASES. 
Photographs of various South African freshwater molluscs are 
included for the information of those interested. I would like to 
point out that the distribution of molluscs in the Union of South 
Africa is very imperfectly known and that our field oolleagues can 
supply much, of the information 'wanted. The bionomics of the 
various species needs further study and should receive the attention 
of the man on the spot. 
Live snails may be forwarded to this Laboratory for identification, 
by animal experimentation, of the cercariae present. The snails, 
packed in slightly moist water plants, travel well by post or passenger 
train. 
The species photographed are named as identified for us. It 
must be pointed out that the leading malacologists seem unable to 
reach an agreement with regard to the nomenclature and the definition 
of the genera and the species. Generic names of African molluscs 
such as B'ulinus and Lymnaea are often misspelt as Bullinus and 
Limnaea. Let us hope that the malacologists and the International 
Commission of Zoological Nomenclature will soon rectify matters. 
The freshwater molluscs of South Africa need revision badly, but 
such revision can only be attempted when the material is available. 
BAUJEAN, R. (1921) 
par l'émétique 
Vol. 14, p. 299. 
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PLATE I. 
QQQ 
2 f 3. Y 4 S. ' 6. 
Fias. I TO VIII.- Schisto.soma haematobia ova from the urine of a human 
Pretoria, Transvaal. 
FIGS. I TO 7.-Schistosoma mattheei ova from the faeces of sheep from 
Humansdorp, Cape Province. 
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I!'u.s. 1 To (3. 
Specimens of Physopsis africana, var. globosa (Morelet), from Humansdorp, 
Cape Province. Magn. 11x . 
FIGS. 7 TO 9. 
Specimens of Phijsopsis conicom from the Pretoria District, Transvaal. 
Magn. 1; X . 
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Fias_ 10 To 13. 
Specimens of Physopsis africana (Krauss) from Natal. Note the 
difference in the shape of Nos. 10 and 11 and Nos. 12 and 13. Magn. 12x. 
FIGS. 14 ro 1.7. 
These are said to be specimens of Buliuus tropicus (Krauss). From 
the Pretoria District, Transvaal. - Magn. 12X. (See Figs. 32 and 33.) 
FIGS. 18 TO 21. 
A fresh -water snail from the field cornetcy of Goudini, Worcester 
Cape Province. This species was found infected with cercariae of 
Fasciala and Paranipliistoniwin. Mag. 11 x. 
436 
P. L. LE ROUX. 
FIGS. 22 TO 26. 
immature ( ?) specimens of Bulinus from a vlei near Humansdorp. 
Mag. 14X. 
FIGS. 27 TO 31. 
Specimens of Lymnaea natalensis (Krauss) from Humansdorp. Magn. 11x. 
FIGS. 32 AND 33. 
Specimens of Bulinus identified as B. schackoi. (Jickeli), which species is, 
according to Cawston (1928), identical with B. tropicus, B. ruitvlensis, 73. 
craveni, and B. sericinus. 
FIGs. 34 TO 36. 
Specimens of Lymnaea truncatula (Müller), a common intermediate 
host of Fasciola hepatica in the Western Province, Cape. Magn. 11 X. 
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FIGS. 37 TO 40. 
0.1 r'vr.. 
Eggs from the uterus of S. mtiattheei, which had been 
subjected to tartar emetic in vivo.. 
FIG. 41. 
A specimen of Fasciola hepatica from the gall -bladder of a sheep 
treated with carbon tetrachloride. Note the degeneration of the 
posterior three -quarters of the fluke. 
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15th Annual Report of the Director of Veterinary Services, 
Union of South Africa. October, 1929. 
Two Species of Haemonchus Cobb, 1898, 
Parasitizing the Camel in the Cape Pro- 
vince. 
By P. L. LE ROUX, B.Sc. (Ellin.), M R.C.V.S., Veterinary 
Research Officer, Onderstepoort. 
RECENTLY the writer had the opportunity of examining specimens of 
Haemonchus collected from the abomasum of a camel (Camelus 
dromedarius) destroyed at this Institution on arrival from Vryburg, 
Cape Province. This camel had run for some years with cattle on 
the farm Armoedsvlakte owned by the Division of Veterinary Services. 
The microscopic examination of the few males collected revealed 
the presence of two species of Haemonchus (H. longistipes And 
H. contortus). 
As H. contortus has not previously been recorded from this 
host, the specimens were examined closely, but could not be differ- 
entiated from members of this species collected from cattle and sheep. 
The spicules were identical with those of the type species of this 
genus as is evident from Table I. 
The larger females of H. contortus, owing to the presence of a 
rather small linguiform process not uncommonly met with in speci- 
mens from cattle, could not be too readily differentiated from the 
specimens of H. longistipes of approximately the same size. The 
most important measurements of these specimens of H. contortus are 
given in Table II. 
The measurements (Tables III and IV) of the specimens of 
H. longistipes, Rail]iet and Henry, 1909, collected agree with the 
findings of Boulenger (1921). 
I have nothing to add to Boulenger's description except that in 
the specimens examined by me, the ventral -lip of the cloaca ends in 
an appendage (Fig. 10) and is not as bluntly rounded off as figured by 
h,im (1921, Fig. 2a). 
As this appendage is frequently bent dorsally, it is quite readily 
missed unless the lip is viewed laterally. 
The short dorsal lip of the cloaca is, as in Haemonchus contortus 
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EXPLANATION OF FIGURES. 
(PAGES 445 -450.) 
Haemonchus contortus (Rud.). 
FIG. 1.- Lateral view of the posterior extremity of an immature male showing 
the right lateral lobe and a ventral lobe not hitherto described for 
Haemonchus, and the genital cone with pointed appendage. 
FIG. 2.- Dorsal view of the ventral lobe to the copulatory bursa. 
FIG. 3. -Venti al view of a genital cone of a mature male. 
FIG. 4.- Ventral lobe of a mature male. Tip of the spicules showing. 
FIG. 5.- Mature female without linguiform process or cuticular bosses. 
From a sheep. 
FIG. 6.- Linguiform process poorly developed and slightly lateral to the 
vulva. From the camel. 
FIG. 7.- Posterior extremity of a mature female. From a sheep. 
FIG. 8.- Linguiform process poorly developed and to the side of the vulva. 
From a calf. 
FIG. 9.- Linguiform process fairly well developed and with the vulva on its 
lateral surface. From a calf infected with larvae from sheep's 
droppings. 
Haemonchus longistipes Railliet & Henry, 1909. 
FIG. 10.- Ventral view of the genital cone and the ventral lobe of the bursa. 
FIG. 11.- Copulatory bursa in two parts. 
FIG. 12.- Posterior extremity of the female. 
FIG. 13.- Lateral aspect of the tip of the right spicule. 
FIG. 14.- Lateral view of the left spicule and ventral view of the right spicule. 
Fm. 15.- Poorly developed linguiform process situated laterally to vulva. 
P. L. LE ROUX. 
Fig. 4. 
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15th Annual Report of the Director of Veterinary Services, 
Union of South Africa. October, 1929. 
A Preliminary Report on Three New Members 
of the Genus Haemonchus, Cobb, 1898, 
from Antelopes in South Africa. 
By P. L. LE ROUX, B.Sc. (Edin.), M.R.C.V.S., Veterinary 
Research Officer, Onderstepoort. - 
ABOUT three years ago Mr. D. T. Mitchell, M.R.C.V.S., Sub- 
Director of Veterinary Services, presented me with some nematodes 
collected from the abomasi of two eland (Taurotragus oryx, Pall.) 
shot in the Drakensberg National Game Reserve, Natal. 
The examination of the material, preserved in 10 per cent. 
formalin, revealed the presence of two species of nematodes, Oster - 
tagia circurncincta and a species of Haemonchus new to science. For 
this species the name Haemonchus m,itchelli, sp. nov., in honour of 
the donor, is designated. - 
On my transfer to the Onderstepoort Veterinary Research 
Laboratory, I had the opportunity of examining three lots of 
Haemonchus contortus (Rud.) contained in the helmiuthological 
collection and labelled as having been collected from the abomasi of 
the Cape koodoo (Strepsiceros strepsiceros Pall.), the blue wildebeest 
(Gorgon taurinus Burch.), and the African buffalo (Synceros caíj`er, 
Sparrm.). 
The examination of the spicules of the specimens decolorized in 
lacto- phenol, proved them not to be members of the type species as 
shown on the labels. " 
For the species from the abomasum of the Cape koodoo, I 
designate the name Haemonchus vegliai, sp. nov., in honour of Dr. 
Francesco Veglia, whose work on the morphology and life -history of 
Haemonchus contortus is well known to all interested in Nematology. 
The specimens from the blue wildebeest and the African buffalo 
were identical, judging from the spicules. For this species the name 
Haemonchus bed f ordi in honour of the donor, Mr. G. A. H. Bedford, 
Research Officer in Entomology, is designated. 
As type host of this species, I select the blue wildebeest, from 
which the specimens collected by Mr. Bedford were most excellently 
preserved in glycerine alcohol. 
The specimens from the African buffalo were collected in Zulu- 
land by Dr. H. H. Cursan while investigating Nagana there. This 
material was not well preserved. The measurements given for H. 
bedfordi are of specimens taken from blue wildebeest shot in the 
Waterberg district, Northern -Transvaal. 
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kost of the material from the hoodoo was not well preserved and 
the measurements given below cannot be taken as absolutely 
characteristic for the species. 
A detailed description of each individual species is held over. 
The three species are typical members of the genus Haernonchus, 
Cobb, 1898. The differences which allow of their identification are 
given below, and -their chief .measurements are tabulated in Tables" 
and II. 
It must be pointed out that only the most perfectly preserved 
specimens were examined and that twelve males and twelve females 
of each species were measured. 
Differentiation of the species. 
fiere, as in the. genus Trichostrongylus, Looss, 1905, the examina- 
tion of males is essential for the identification of a species. 
The males of the different species are readily distinguished from 
each other by the characters of their spicules. 
The tips of the spicules do not only bear characteristic barbs, 
but these barbs are situated at constant levels, varying with the 
different species. In the case of H. vegliai, the left spicule is 
.furnished with two barbs (Figures 21 and 22). The lobes and their 
rays comprising the copulatory bursa show slight variations in the 
different species. 
Variations are also evident in the genital cones of various species. 
of all the characters referred to, those of the spicules alone are of 
such a nature as to allow of the differentiation of the species. 
The females could to some degree be recognized by the characters 
of their linguiform processes. As in the type species, the linguiforrn 
process is liable to considerable variation within specimens from 
the same- host. 
In H. mitclrelli the linguiform process is a fairly stout and well - 
developed appendage situated in fi ont of the genital opening and 
- partly or wholly overlapping it. -In the majority of specimens the 
vulva with the vagina slightly eva.ginating is located at the right 
commissure, formed by the linguiform process and the body. 
In H. bedfordi the linguiform process shows still more anomalies. 
In some specimens there are . well- developed pre- vulvar and post - 
rulvular processes (lingu.iform processes). In others there are only 
post -vulvular processes, and these were often at a considerable 
distance from the genital opening. 
In a third group there were no linguiform processes present. 
In all three groups one or two lateral cuticular swellings may be 
absent or present in the region of the vulva. These swellings are 
associated with sexual functions; and in specimens observed in copula 
they were gripped by the lateral lobes of the copulatory bursa. 
H. vegliai yielded variations as well. In most specimens the 
linguiform process was replaced by a mere swelling as figured. 
- The apparent anomalies of the vulvular linguiforin process as. 
met with in Haemonchus contortus has been commented on by Veglia 
(1915) and Dikmans (1921). Judging from the observations of Veglia 
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and Dikmans on the type species and my personal findings, just 
given, it is evident that the character of this process, in any one 
known species, is not so constant as to accept it as of a specific generic 
character. 
Baylis and Daubney (1922) differentiated the species Haemonchus 
cervinus of the spotted deer (Cervus axis) from Haemonchus contortus 
because " the vulva is slightly prominent, but possesses no overhang- 
ing anterior lip such as is found in H. contortus." Specimens of 
H. contortus without an overhanging linguiform process are by no 
means uncommon from both sheep and, cattle in South Africa. 
' The species Haemonchus cervinus Baylis and Dauhney (1922), 
should most probably be considered a species inquircndae. An 
examination of the spicules (if present) of the damaged male is 
desired if H. cervinus Baylis and Daubney, 1922, is .to be retained 
as a valid member of the genus. - 
Curson (1928), recording Haemonchus contortus (Rud.) from the 
ox, sheep, goat, buffalo and wildebeest in Zululand, comments on the 
fact that although the wild ruminants were heavily infected, they 
showed no ill effects such as are manifested by domestic stock 
similarly infested. - 
Curson's record of H. contortus from the buffalo and the wilde- 
beest is incorrect, as is proved by the specimens collected by him 
and deposited in the helminthological collection at Onderstepoort. 
Haemonchus contort-us (Rud.) of Curson 1928 now becomes 
a synonym of Haemonchus bedf ardi, sp. nov. 
Although the two old eland bulls shot by Mr. Mitchell were very 
heavily infected with the two species mentioned elsewhere, they were 
in excellent condition. Their age and the good grazing probably 
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EXPLANATION OF FIGURES. 
(PAGES 457 -463.) 
ARTICLE 27. 
FIG. 1.- Female with linguiform process posterior to the vulva. 
From Gorgon taurinus. (Haemonchus bedfordi; sp. nov.) 
FIG. 2.- Female with linguiform- process posterior and lateral to the vulva. Note 
the prominent cuticular swelling. From Gorgon taurinus. (Hae- 
monchus bedfordi, sp. nov.) 
FIG. 3. -Note absence of linguiform process and cuticular swelling. 
From Gorgon taurinus. (Haemonchus bedfordi, sp. nov.) 
FIG. 4. -Note the presence of pre- and post- vulvular linguiform processes and a 
well developed cuticular swelling. From Gorgon taurinus. (Hae- 
monchus bedfordi, sp. nov.) 
Fics. 5 and 6.- Females from Synceros coffer Sparrm. (Haemonchus bedfordi, 
sp. nov.) 
FIG. 7.- Posterior extremity of a female from Gorgon taurinus. 
(Haemonchus bedfordi, sp. nov.) 
FIG. 8.- Copulatory bursa of a male from Gorgon taurinus. 
(Haemonchus bedfordi, sp. nov.) 
FIG. 9.-Ventral view of the genital cone, etc. (Haemonchus bedfordi, sp. nov.) 
FIG. 10.- Posterior extremity of a female from Synceros caller. 
(Haemonchus bedfordi, sp. nov.) 
FIG. 11.- Dorsal ray of the copulatory bursa. (Haemonchus mitchelli, sp. nov.) 
Fro. 12.- Copulatory bursa. (Haemonchus mitchelli, sp. nov.) 
FIG. 13.- Posterior extremity of the female. (Haemonchus mitchelli, sp. nov.) 
FIGS. 14, 15, and 16.- Linguiform processes in different specimens. 
(Haemonchus mitchelli, sp. nov.) 
FIG. 17.- Genital cone and the ventral lobe of the bursa. (Haemonchus 
mitchelli, sp. nov.) 
FIG. 18. -No linguiform process, but a cuticular swelling present. 
(Haemonchus vegliai, sp. nov.) 
FIG. 19.- Posterior extremity of the female. (Haemonchus vegliai, sp. nov.) 
FIG. 20. -The copulatory bursa. (Haemonchus vegliai, sp. nov.) 
FIG. 21.- Lateral and ventral views of the left spicule. (Haemonchus vegliai, 
sp. nay.) 
FIG. 22.- Lateral and ventral views of the right spicule. (Haemonchus vegliai, 
sp. nov.) 
FIG. 23.- Lateral view of the spicules. (Haemonchus mitchelli, sp. nov.) 
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Articls No. 5. 
15th Annual Report of the Director of Veterinary Services, 
Union of South Africa. October, 1929. 
On an Oesophagostome (Oesophagostomum 
susannae, sp. nov.) from the Springhare 
(Pedetes caffra), together with Remarks 
on closely related Species. 
B y. P.- L. LE ROUX, B.Sc. (]sdin.), M.R:C.V.S., Veterinary 
Research Officer, Onderstepoort. 
INTRODUCTION. 
TN 1927 the writer collected four nematodes from four haemorrhagic 
submucosal cysts in the caecum of a Springhare shot at the Nooitge- 
dacht Veterinary Research Laboratory, Ermelo, Eastern Transvaal: 
The search of the lumen of the alimentary tract for helminths yielded 
a solitary female of the genus Trichocephalus, located in the caecum 
The microscopic examination of the specimens from the cysts 
proved them to be sexually immature adult members (two males and 
two females) of the genus Oesophagostomum Molin, 1861. The 
structure of the buccal capsule and the character of the oesophageal 
funnel showed that they were members of a species. closely related 
to three or possibly four of the known oesophagostomes. In Table I 
the chief measurements of the new species will be found given with 
the available measurements of the related forms. 
Before dealing with the morphology of O. susannae, the related 
species will be considered briefly as regards hosts and geographical 
distribution. 
Oesophagostomum apiostomum (Willach, 1891), Railliet and 
Henry, 1905, was originally described as Sclerostorna apiostomum 
from nodules in the intestine of Macacus cynornolgus. Weinberg 
collected -several specimens of this species from - M. cynomolgus and 
M. sinicus. It is on this material that Railliet and Henry base their 
description of O. apiostomum,. 
Leiper (1911) declares O. brumpti, Railliet and Henry, 1905, to 
be. synonymous with O. apiostomum, which he records : 
(a) from the great intestine of monkeys in Uganda; 
-(b) from cysts in the wall of the colon of M. sinicus; and 
(e) as passed by á native patient of Dr. Andrew Foy at- Ibi, 
Northern Nigeria. 
Leiper (1913) once more declares O. brumpti as synonymous with 
O. apiostomum, which is this time recorded from inmates of the, 
Zungeru Gaol, Northern Nigeria. His drawing (Fig. 15, p. 274) Of 
the anterior extremity of the worm appears without the recurved 
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oesophageal teeth characteristic of the members of the subgenus 
Conoweberia Ihle, 1922. Judging from the measurements given by 
Leiper (1911 and 1913), I am inclined to agree with Railliet and 
Henry (Brumpt 1927, p. 674), and Ihle, 1922, that Leiper was deal- 
ing with a species or species other than O. apiostomum or O. brumpti. 
A re- examination of Leiper's material seems desirable. 
Lane and Low (1923, 1899), tabulating the chief measurements 
of the Strongylidae rarely infesting man; has the names O. apiosto- 
mum and O. stephanostonurn interchanged. They have adopted 
O. brumpti as a synonym of O. apiostomum, for whom only Africa is 
cited as locality. Walker (1913) records O. apiostomum as of common 
occurrence in the Philippines. Ihle (1922) gives the most detailed 
description existing for O. apiostomum, which. is recorded for the 
first time in the wall of the intestine of an oran.g- outan. 
Until Leiper's O. apiostomum is definitely proved to be identical 
with that of Willach, the distribution of this species remains con - 
.fined to Asiatic monkeys. 
Oesophagostomz,írm brumpti Railliet and Henry, 1905, was 
originally described from `material collected by Brumpt from nodules 
in the intestinal wall of a negro in the vicinity of the River 0mo. 
Smit (1919) records this species from a monkey in Java. His de- 
scription of the parasite is so inoom,plete that the identity is not 
proved. He gives the length of the spicules as 1300 p., which seems 
to indicate the possibility of the parasite being O. apiostomum. 
Henry and Joyeux (1920) record O. brumpti as a parasite of 
man, Troglodytes niger, Cercopithecus callitrichus, C. patas, and 
Papio sphinx in Upper French Guinea. 
Joyeux ( Brumpt 1922) saw specimens of this species passed by 
natives after the administration of thymol. 
Oesophayostomumz xeri Ortlepp 1922 was obtained from the cae- 
cum and caecal wall of the bristly ground- squirrel (Geosciurus 
capensis, syn. Xerus setosus), from South Africa, where this host is 
found living in close association with the springhare, as it not 
infrequently is. - 
Oesophagostomum susannae can be readily distinguished from 
the above- mentioned species by the possession of the characteristic 
short, thick, and dorsally tilted, blunt tail of the female. 
THE MORPHOLOGY OF "OESOPHAGOSTOMUM SUSANNAE," 
Sp. Nov. 
The worms extracted by puncturing the cysts were of a slightly 
dirty white colour. The body fluid of the cephalic extremity, 
in the immediate neighbourhood of the oesophagus, was tinted 
slightly red, as is often observed in members of the genus Trichonema - inhabitants of the large intestines of equidae. No curving of the 
cephalic extremity, a characteristic of oesophagostomes furnished 
with lateral cervical alae, occurred in these specimens on preser- 
vation in hot glycerine alcohol. Neither was this observed in 
sexually mature specimens collected for me by my colleague, Mr. 
I. P. Marais, and preserved in cold 10 per cent. formalin. 
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Both males and females showed slight attenuation towards the 
extremities. This attenuation was in the female more noticeable at 
the cephalic end, whereas in the male 'it was more marked at thei 
posterior extremity. 
The anterior extremity inflated to form a prominent mouth 
collar and limited posteriorly by a conspicuously deep cephalic groove, 
is ornamented with the usual six circum -oral papillae. In most of 
the specimens preserved in formalin the mouth collar was not so 
markedly inflated and hence had a less deep cephalic groove. In 
these specimens the sub -dorsal and the sub- ventral cephalic papillae 
showed up prominently, often projecting 33 1a beyond the anterior 
surface of the mouth collar. These papillae appear with distinctly 
constricted off, lanceolated tips measuring approximately 5 µ in length 
with a diameter of 3 µ. In specimens with markedly inflated mouth 
collars, the papillae appear slightly shorter owing to the pushing 
forward of the cuticle enveloping the cores of the papillae. 
The lateral cephalic papillae appear as broad flat circular papillae 
on the antero -lateral surface of the mouth collar. The papillae are, 
in the cases with inflated mouth collars, situated in a depression of 
the cuticle. In other cases they project slightly beyond the surface 
of the cuticle. 
The cervical vesicle, well marked in the sexually immature adults 
from the submucosal cysts and preserved in hot glycerine alcohol, 
extends from the cephalic groove to the level of the cervical papillae. 
In the specimens obtained from the lumen of the caecum and pre- 
served in cold 10 per cent. aqueous solution of formalin, the cervical 
'vesicle was much less prominent. In a few cases it appeared 
practically non -existent. In these latter, folds, suggesting escape of 
fluid from the vesicle, were numerous. This observation is recorded 
to warn workers aganist attaching too much significance to the degree 
of development of such easily distorted structures as the mouth collar, 
cephalic groove, and cervical vesicle. The nature of these is too 
readily affected by different methods of preservation to be of any 
specific generic significance. Thornton (1924), in his description of 
Oesophagostomum oldi, Goodey 1924, notes that the specimens 
examined by him at Liverpool had but slightly developed cephalic 
vesicles, with three to four lesser circular grooves, not recorded by 
Goodey, anterior to the cervical groove. As the worms were excel- 
lently preserved, Thornton did not regard their presence as due to 
shrinking of the cuticle. Authors unfortunately do not always state 
how the specimens examined by them were orginally preserved. 
The degree of inflation of the cervical vesicle is in the species 
O. radiatum influenced by the activity of the parasite at the time 
of collection. In specimens with cephalic extremities embedded in 
crypts in the mucosa the vesicles were much more inflated than in 
those found free in the lumen of the gut. This inflation in the case 
of O. radiatum is an adaptation for anchoring itself in m,ucosal crypts, 
while it feeds on blood ( ?) or body tissues (R) acted on by secretions 
from the cephalic and oesophageal glands. The lumens of the older 
'crypts were almost invariably filled with a coagulated dirty brown 
mass- material similar to that lining the ulcers caused by Triodonto- 
phorus tenuicollis in the right dorsal colon of equines. 
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Ventrally and on a level with the cervical nérve ganglion the 
cuticle of the cervical vesicle is indented to form the ventral cervical 
groove, in the posterior wall of which the excretory pore is localized. 
The cervical papillae are prominent and in general disposition 
not unlike those of the type species of the genus. In a few indivi- 
duals = the free attenuated portion was wholly or partially missing on 
one or both sides. - 
The cephalic, the cervical and the subventral oesophageal glands- 
are arranged as described by Goodey (1924) for. O. dentatura. 
The dorsal oesophageal gland opens into the buccal cavity at the 
summit of a well- developed dorsal gutter, a structure hitherto under 
scribed for oesophagostomes. The species closely related to the one 
under discussion should be re- examined for this structure, which was 
found to measure approximately 6 -7 . in height by 5 p. in width. 
The oral aperture situated centrally on the anterior extremity 
is -guarded by twelve stout, long (20 p), sharply ,pointed - elements 
composing the external leaf crown. 
The buccal cavity is circular with stout, thick, cuticularized wall: 
Posteriorly the wall tapers to a slightly sharper edge than anteriorly 
and articulates with the oesophagus, which is anteriorly slightly 
cuticularized and grooved to receive the cuticularized wall of the 
buccal capsule. Dorsally" the depth of the buccal capsule is 13 µ, 
whilst ventrally it is 16 -17 p. Medially and anteriorly the wall of 
the buccal cavity bears a prominent cuticularized fold, projecting 
medially and slightly anteriorly. At this point the lumen. of the 
cavity is reduced to 33 µ, while the internal diameters at the inlet 
and the outlet of the capsule are.46 µ and 50 p. respectively. 
In some of the specimens examined there was a distinct internal 
leaf -crown composed of rather minute elements arising from the 
cuticularized fold referred to above. The apparent absence of an 
internal leaf -crown in other specimens can only be attributed to the 
diminutiveness of its elements and the fact that they are obscured by 
the thick (5 -6 p) wall of the buccal cavity. 
The cuticular fold described above is figured also for O. apiosto- 
mum, by Ihle (1922). He does not express an opinion as to its 
function or its analogy to an interval leaf -crown which he declares 
seems absent. 
For O. xeri Ortlepp (1922) there is described an internal leaf- 
crown of rather small elements. 
Posterior to the chitinous fold the surface of the buccal wall is 
lined by a prominently inflated cuticle. 
The buccal capsule leads posteriorly into a deep (36 p) and wide 
(30 p) oesophageal funnel formed by an increase in width and a. 
decrease in thickness of the anterior extremities of the three . 
oesophageal sectors. The cuticular lining of the lumen of the 
oesophagus and oesophageal funnel, instead of being continued to 
end in acute teeth projecting into the buccal cavity, is at the posterior 
border of this structure deflected medially and posteriorly to form a 
dorsal and two subventral oesophageal _ teeth. . 
The oesophagus is club- shaped, with the anterior portion forming 
the oesophageal funnel markedly dilated as the measurements will 
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indicate. The maximum diameter is attained posteriorly, while the 
minimum diameter is approximately on a level with the ventral 
cervical groove. 
The union of oesophagus with intestine is guarded by the usual 
three oesophageal valves. 
The cells of the intestine were in sexually mature specimens 
heavily laden with dark pigment granules. This pigmentation, pre- 
sent throughout the length of the gut, was most pronounced in the 
anterior portion. It is the presence of this pigment which imparts 
the dirty grey to deep dark colour to the sexually mature adults. 
Posteriorly the lumen of the gut appears to have a cuticularized wall. 
Male characters. 
As the different measurements will be . found in Table I, only 
the remaining characters will be considered. As regards colour, 
the males are slightly lighter than the females, which are undoubtedly 
more active feeders. 
The copulatory bursa closely' resembles that described for O. 
apiostomum and O. xeri. Variations in the, distribution of rays were 
noticed and are figured. The prebursal papillae, situated. about 
400 y from the caudal extremity, were prominent in some individuals, 
but less well defined in others owing to the longitudinal contraction 
with the résultant throwing of the cuticle into folds. . 
A prominent genital cone directed posteriorly and slightly vent- 
rally arises by a broad base . from the floor of the copulatory bursa 
The cloaca communicates with the outside through a transverse 
ellipsoidal aperture situated subterminally on the dorsal face of the 
genital cone. Anterior to the anus the dorsal surface is indented 
by a transverse groove as figured by Goodey (1924) for O. dentatum. 
The two lateral commissures of the cloacal aperture are each 
bounded laterally by a genital appendage, differing in shape with 
the angle from which they are viewed. In a ventral view they appear 
spherical with a ventrally directed appendage. When viewed later- 
ally the spherical shape is replaced by a triangular one, with the 
apex of the triangle directed ventrally and guarding the protruding 
spicules. In the sexually mature males these appendages were best 
developed, indicating their relation to sexual activity. 
The chitinized spicules are alated and of equal length. The 
alation stops within 66 µ of the free extremities, which terminate in 
fine turned -up points. 
Female characters. 
Posteriorly the female shows hardly any attenuation wheii 
examined with the unaided eye. On microscopical examination the 
maximum diameter was found to be reached at a point a little in 
front of the vulva. From this point the attenuation is rapid until 
the anus is reached. The tail is short, stout, blunt, and, in most 
of the specimens examined, tilted dorsally to be at right angles to 
the long axis of the body. The anus is situated at the posterior 
ventral angle of the thus formed foot. Near the tip of the tail 
there are the usually- caudal papillae, somewhat, ill- defined in most 
specimens. 
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The vulva is located on the anterior slope and near the summit 
of a well- marked elevation. 
The vagina is of some length and is noteworthy in that it arises 
from the anterior border of the pars ejectri.2. This appeared such an 
unusual phenomenon that two females were dissected with needles 
under a binocular microscope to verify this. The pars ejectrix, with 
concave anterior curvature and convex posterior curvature, occupies an 
oblique position in the body. The structure and general disposition 
of the remaining genitalia is typical as recorded for members of the 
genus. The posterior extremity in all adult females showed the 
usual brown cement material adherent. 
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TABLE 







Maximum width: a` 
Length of oesophagus: 
Maximum width of oesophagus a 
Minimum width of oesophagus : ó 
Maximum width of oesophagus posteriorly: a` 
g 
Anterior extremity to cervical papilae: a... . 
Anterior extremity to nerve ring : 
g 
Anterior extremity to excretory pore: a.... 
Height of buccal capsule: d 
Internal width of buccal capsule, anteriorly: a 
g 
Internal width of breed capsule, posteriorly: 
Long h of spicules 
Vulva to caudal extremity 
Vulva to anus 
Anus to caudal extremity 
Ova f Length lWidth 
O. brumpti. O. apiostomum. O. apiostomum. 
African Negro . Macacus sinicus 
M. cynomolgus 
Man : W. Africa 
Monkeys : 
Africa 
Eñcysted in wall 
of caecum and 
colon 
- Great intestine. 
0mo River....., - Africa 
Rail. and Henry 
(1905) 
















0.470-0.500 0.550-0.60 - 
0'400 
0.430 
0.150 0.165 - 
0.320 -0.370 0.320 - 
- - 0.150 
0.250 -0.275 - 
0.015 0.020 0.006 
0.035 0.048 0.030 
0.045 0.065 0.030 
- 1.250 -1.275 0.650 
0.350 -0.475 0.420 0.350 
- 0.240 - 
0.170 0.180 0.200 
- - - - 0.063 0.027 
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I. 
Various Species mentioned in the Text. 
O. etephanostomum O. apiostomum. O. xeri. O. susannae. O. susnanae. 
Man and mon- 
keys, Africa 
Orang- outan... %eras setosus... Pedetes caffra.. Pedetes caffra. 
Wall of the large - Lumen and wall Wall of caecum Lumen of caecum 
intestine of caecum and colon. 
Africa - . S. Africa E. Transvaal... W. Transvaal. 
Lane and Low Ihle (1922)..... Ortlepp (1922). Le Roux (1929) Le Roux (1929). 
(1922) 
6.5-11 10 -12-8 12 -14 11- 11-5-12 
8.5 -12.5 11.5 -15 13 -16.5 13 -13.5 13 -17 
0.3 0.425-0.565 0.380 0.374 -0.382 0.426-0.474 
- 0.530-0.655 0.510 0.425-0.442 0.442 -0.600 
- 0.615 0.600 -0.700 0.595 0.537 -0.585 
0.5 0.685 -0.720 0.650 -0.825 0.578 0.577 -0.585 
- - - 0.072 -0.073 0.068-0.073 
- - - 0.071 -0.072 0.070-0.086 
- - - 0.052-0.054 0.050 -0.059 
- - - 0.055 0.059 
0.170 -- 0.126-0.136 0.119-0.125 __ 
0.165-0.170 - 0.125 0.128-0.148 















- 0.021 - f Dorsal 0 013 l Ventral0.019 
f Dorsal 0 013 
l Ventral0.017 
( Including walls -- 0.042 0-044 0.046 
1 060 -0.070 0.046 0.047 -0.050 
lIncluding walls -- 0.045 0.050 -0.052 __ 
1 0.078-0.082 - 0-050 0.050 -0.052 
0.900 -1.080 1.285 -1.350 1.290 1.420 1.390 -1.420 
0.350 -0.475 0.410 -0.450 - 0.326-0.339 0.350 -0.390 
- - - 0.183 -0.186 0.192 -0.215 - 
0.170 -0.200 0.205-0.210 0.114-0.142 0.156 -0.170 0.130 -0.180 
- - 0-058 No ova in uterus 0.072 
- - 0.039 0.047 
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EXPLANATION OF FIGURES. 
(PAGES 474 -479.) 
ARTICLE, 28. 
FIG. 1.- Cephalic extremity. 
FIG. 2.- Dorsal view of the cephalic extremity showing the dorsal gutter, etc. 
FIG. 3.- Lateral view of the cephalic extremity. 
FIG. 4.- Dorsal view of the cephalic extremity showing the oesophageal 
teeth, etc. 
FIG. 5.- Copulatory bursa flattened out. 
FIG. 6.- Ventral aspect of the genital cone, etc. 
FIG. 7.- Lateral aspect of the genital cone, etc. 
FIG. 8.-Tip of one of the Spicules. 
FIG. 9.- Posterior extremity of an immature female. 
FIG. 10.- Posterior extremity of a mature female. 
FIG. 11. -A portion of a dissected -out female genitalia. 
FIG. 12.- Portion of the caecum of a springhare showing submucosal nodules; 
the one nodule shows a female in section. 
P. L. LE ROUX. 
d ,2 »vrw. 
0.2 770/1- 
Fig 4. 
Dorsal view, showing the dorsal gutter, the oesophageal teeth, etc. 
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Article No. 6. 
15th Annual Report of the Director of Veterinary Services, 
Union of South Africa. October, 1929. 
On a Hookworm (Agriostomum gorgonis, sp. 
nov.) from the Blue Wildebeest (Gorgon 
taurinus) in the Transvaal. 
By P. L. LE ROUX, B.Sc. (E+ din.), M.R.C.V.S., Veterinary 
Research Officer, Onderstepoort. 
INTRODUCTION. 
THE type species, the only other member of the genus ..Agriostomum 
Railliet 1902, was described from the duodenum of a Zebu in Sumatra. 
Lane (1923) redescribed the species. He examined material from 
Bos indicus at Darjeeling, India. Ware (1925) having obtained 
specimens from the intestine of Bas indicus in the Nilgeri Hills, 
South India, repeated the description with some additions. 
It seems desirable that the type specimens be re- examined to 
ascertain whether the bifid dorsal tooth, as figured by Ware (1928, 
Figure 1, A), is present. Railliet and Henry (1913) figure no such 
structure for Agriostomum vryburgi. Baylis and Daubney (1926) 
reoognize Ware's " straight tooth -like organ " to be the dorsal gutter 
ending in a cone, bifid at the apex. 
Agriostomum gorgonis, sp. nov. 
This species was collected by Mr. G. A. H. Bedford from the 
ileum of blue wildebeest shot in the Waterberg District, northern 
Transvaal. These animals harboured also the specimens described 
as Haemonchus bedfordi Le Roux (1929). 
The type specimens and the co -types are deposited in the 
helminthological collection at this Institute. 
MORPHOLOGY OF f° ACR IOSTOMUM CORCONIS," Sp. Nov. 
The specimens preserved in glycerine alcohol are of a dirty white 
colour,- and the body shows fine transverse striations. The portion of 
the gut immediately behind the oesophagus is very dark owing to the 
presence of dark granules in the intestinal cells and of dark- coloured 
ingesta in the lumen of the gut. 
From about the oesophago- intestinal junction the males and the 
females taper towards both extremities. The female ends posteriorly 
in a fairly long tail acutely pointed. In the male the posterior 
extremity, owing to the folding in of the lateral lobes of the 
copulatory bursa, appears markedly attenuated. To the unaided eye 
-the lateral width of the head approximates the maximum breadth of 
the body. Immediately posterior to the buccal capsule the body 
narrows to form a distinct neck. 
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The oral aperture faces dorsally and is bounded by the usual 
six circum -oral papillae. 
The two subventral cephalic papillae are the most conspicuous 
and figure prominently in the hoodlike expansion of the cuticle 
extending anteriorly to the ventral margin of the mouth. The 
medial and the sub -dorsal papillae are opposite and lateral to the 
lateral and dorso- lateral buccal teeth respectively. 
The oral aperture, somewhat hexagonal in outline, leads into 
a spacious buccal cavity with thick cuticularized wall, which has its 
anterior border armed with fourteen teeth and a cutting plate. These 
structures are arranged approximately as figured (Figs. 1 and 2). 
The two subventral teeth are fused medially, at the base to form 
the pair of ventral teeth described and figured for Agriostomum vry- 
burgi Railliet (1902). The remaining twelve teeth are grouped into 
six pairs; two dorso- lateral, two lateral, and two ventro- lateral. 
Each pair consists of a well -developed external tooth and a shorter, 
but stout, inner tooth, the latter being partly hidden by the former. 
One or more of these buccal teeth may occasionally be found with the 
tip or tips eroded as recorded by Ware (1925) for A. vryburgi and by 
Schwartz (1927) for Ancylostoma pluridentatum. 
Dorsally there is a short but broad -based cutting plate with semi- 
circular convex cutting edge. The functions of this structure and of 
the buccal teeth are apparent. That this nematode is an active blood- 
sucker like the other members of the subfamily cannot be disputed. 
The dorsal oesophageal gland, with duct penetrating the buccal 
capsule dorsally, opens into the buccal cavity at the summit of a 
slight elevation situated behind the dorsal cutting plate (Figure 4). 
Anteriorly the medial surface of the mouth capsule carries a 
projecting structure (Figure 5) suggesting an internal leaf crown. 
The cuticularized buccal capsule articulates posteriorly with a 
circular cuticular ring, surmounting the anterior edge of the 
oesophagus. 
The spacious buccal Cavity, with ventral wall much higher than 
the dorsal one, leads into a well -developed oesophageal funnel. 
The oesophagus is club-shaped, muscular, and anteriorly has its 
lumen dilated to form the voluminous . oesophageal funnel. The 
oesophago -intestinal union is guarded by the usual valves, well - 
developed in this species. 
The lumen of the intestine is packed with darkish coloured 
material, probably partly digested blood and epithelial cells. The 
intestinal cells are packed with a blackish pigment. 
The cervical papillae, situated about the level of the nerve 
ganglion, are inconspicuous an .d may readily escape notice. 
The cervical glands have the excretory pore, not situated in a 
cervical cleft as recorded for the type species. The excretory pore is 
approximately on a level with the cervical papillae. 
MALE CHARACTERS. 
The genital bursa in preserved specimens has the lateral lobes 
folded in. The arrangement of the rays agrees well with that de- 
scribed for A. vryburgi. In the majority of individuals the dorsal 
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and the externo- dorsal rays arise from a stout and comparatively long 
common trunk. Each dorsal ray terminates in two branches, a slender 
inner branch and a stout lateral branch. The latter is occasionally 
furnished with a medial accessory offshoot. The postero -lateral, the 
medio- lateral, and the externo- lateral have a common trunk. The 
first to branch off is the externo- lateral. The common trunk to the 
postero- lateral and the medio- lateral is short and the rays lying close 
together are stout. The ventral rays, closely applied, terminate near 
the edge of the bursa. Variations met with are figured. The 
prebursal papillae are slender and do not project beyond the cuticle 
in the specimens examined. 
The genital cone is of the typical ancylostome type, and the 
spicules are provided with transversely striated alae (Fig. 13). 
The accessory piece, which in A. veyburgi is recorded by Ware 
(1925) as clavicular in a lateral view and heart- shaped in a dorsal 
view, is part of a rather ill- defined telamon. In whole specimens 
cleared in lacto- phenol the exact limits of this structure could not be 
ascertained with certainty. The telamon witfi the spicules attached 
was dissected out, but even then its outlines were obscured by the 
muscles adhering to it. When viewed dorsally its anterior portion 
carries a structure heart -shaped in outline (Fig. 12) and measuring 
approximately 70 ,a x 48 µ. This structure is undoubtedly analogous 
to the accessory piece figured for the type of the genus. According 
to Ware's drawing (Fig. 1 B) it measures 114 a x 85 µ. Below this 
heart- shaped structure referred to above is another similarly shaped 
part, measuring 42 µ x 32g. This is apparently a portion of the 
first mentioned and is situated between the two spicules. The whole 
structure separates the spicules and secures them in position and 
forces them to assume a certain direction as they emerge beyond the 
telamon. The alae with their free borders medially directed (Fig. 12) 
and overlapping the dorsal surface of the first -mentioned heart- shaped 
structure overlap and envelop each other, and so doing secures the 
free extremities of the spicules firmly together. Laterally the main 
body of the telamon carries two posteriorly directed wings which 
secure the spicules laterally. A short distance posterior to their 
termination the wall of the spicular canal appears again to be slightly 
chitinized. 
FEMALE CHARACTERS. 
The female is larger than the male, with the posterior extremity 
ending in a fine tail. 
The genitalia are of the oesophagostomum type. The vagina is 
short and the vulva, semilunar in shape, opens on a well -marked 
ventral prominence (Figure 3). 
The caudal papillae are readily seen when the worm is rotated. 
From these the body rapidly narrows, to end in a long thin caudal 
appendage (Figure 3). 
IDENTITY OF THE SPECIES. 
That this parasite is a species distinct from A. vryburgi Railliet 
(1902), is proved by (a) the shape and the dimensions of the buccal 
capsulé, (b) the size of the oesophageal funnel, (c) the number of 
buccal teeth, and (cl) the absence of a cervical groove. 
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Lane (1923) points out that A. vryburgi forms an interesting 
link between the Ancylostomidae and the Oesophagostomidae. He 
proposes for it the subfamily Agriostominae, which is included in 
the family Oesophagostomidae. This suggestion for its inclusion in 
the family Oesophagostomidae cannot be supported, and it should be 
retained in the Ancylostomidae as suggested by Ihle (1922) and by 
Baylis and Daubney (1926). 
TABLE I. 
The Measurements (in 'millimetres) of Males and Females of 
Agriostomum gorgonis, sp. nov. 
Males. Females. 
Length of worm 9 -10 11 -13 
Lateral width of head 0.286-0.340 0.320 -0.360 
Maximum width of body 0.312-0.360 0.340-0.370 
Width of body in front of copulatory bursa 0.231 -0.280 - 
Length of oesophagus 1.400 -1.500 1.440 -1.500 
Maximum diameter of oesophagus anteriorly 0.234 0.243 
Maximum diameter of oesophagus posteriorly 0.240 -0.280 0.250 -0.280 
Minimum diameter of oesophagus 0.140 -0.160 0.140 -0.180 
Lateral width oral aperture 0.200 -0.220 0.230 -0.240 
Dorso- ventral diameter of buccal cavity 0.156 -0.172 0.154-0.176 
Lateral diameter of buccal cavity 0; 187 -0.190 0.180 -0.200 
Height of dorsal wall of buccal cavity 0.020 -0.025 0.020 -0.025 
Height of ventral wall of buccal cavity 0.240 -0.260. 0.260 -0.280 
Lateral width of oesophageal funnel 0.180 -0.210 0.200 -0.230 
Height of dorsal wall of oesophageal funnel 0.125 -0.156 0.130 -0.165 
Height of ventral wall of oesophageal funnel 0.186 0.189 
Length of spicules 1.00 -1.20 - 
Anterior extremity to excretory pore 0.700 -0.840. 0.780 -0.844 
Anterior extremity to cervical papillae . 0.800 -0.900 0.900 -0.950 
Vulva to anus... - 0.240 -0.300 
Anus to posterior extremity - 0.240.0.310 
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EXPLANATION OF FIGURES. 
(PAGES 486 -491.) 
dgriostomurn, gorgonis, sp. nov. 
FIG. 1.- Lateral view of the anterior extremity. 
FIG. 2.- Dorsal view of the anterior extremity showing the buccal teeth, etc, 
Fia. 3.- Lateral view of the posterior extremity of the female. 
FIG. 4.- Longitudinal section of the free border of the buccal capsule ventrally. 
Fra. 5. -A typical copulatory bursa. 
FIG. 6. -An atypical copulatory bursa. 
FIG. 7.- Copulatory bursa with lateral lobes folded in. 
FIGS. 8, 9, and 10.- Dorsal rays showing variations. 
Fia. 11.- Dorsal gutter situated at the base of the dorsal cutting plate. 
FIG. 12.- Dorsal view of the telamon with the spicules passing through it. 
FIG. 13. -Tip of one of the spicules. 
Fis 2. 
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Article No. 7. 
í 
16th Report of the Director of Veterinary Services and Animal 
Industry, Union of South Africa, August, 1930. 
A Spirurid (Streptopharagus geosciuri, sp. nov.) 
from the Stomach of the Cape Ground 
Squirrel (Geosciurus capensis). 
By P. L. LE ROUX, B.Sc., M.R.C.V.S., Veterinary Research 
Officer, Onderstepoort. 
IN July, 1929, the writer collected several nematodes from the 
stomach of a male Cape ground squirrel. A microscopic examination 
of these parasites revealed the presence of four specimens (two males 
and two females) of Physaloptera capensis Ortlepp, 1922 and twenty - 
nine (18 males and 11 females) specimens of a species of 
Streptopharagus Blanc, 1912. Most of the latter are sexually 
immature. The members of the genus Physaloptera were more 
firmly attached to the gastric mucosa than those of the genus 
Streptopharagus. The members of this genus were found with their 
anterior extremities buried in the mucosa. The cuticle in the 
cervical region seems specially modified to this purpose. 
Streptopharagus geosciuri, sp. nov. 
The males measured vary in length from 12.5 mm. to 16.7 mm. 
with a maximum diameter of 215µ to 25Oµ. The corresponding 
measurements in the females were 24 mm. to 33 mm. and 246,u to 
4l5µ (average for apparently matured specimens 385g). 
The cuticle is transversely striated and is in the region of the 
oesophagus furnished with low intersected longitudinal ridges formed 
by a thickened portion of the cuticle between the transverse striations. 
These thickenings appear like rods. The mouth is bounded by two 
lateral trilobed lips. The lateral diameter of the cephalic extremity 
varies from 31g in the male to 33g in the female. The buccal cavity 
continues posteriorly into a tubular pharynx marked with irregular 
transverse striations. The length of the structure varies with the 
degree of contraction of the body. The half turn of a spiral displayed 
about the middle of the pharynx in the known members of this genus 
is undoubtedly due to contraction of the cephalic extremity. The 
cuticular cephalic inflation recorded for some members of the genus 
should probably likewise he attributed to the same agency. 
In live specimens of S. geosciuri the appearance and the dis- 
appearance of the half spiral are readily followed. In only a few 
cases of the preserved specimens is this half turn of a spiral present 
and in no single specimen is the cervical cuticle inflated. The 
pharynx is followed by a long oesophagus measuring 1.7 mm. to 
2.1 mm.. in the males and 2.1 mm. to 2M mm. in the females, and 
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with a maximum diameter of 961). to 115µ and 112,u to 141µ in the males 
and females respectively. At the base of the pharynx the width is 
35u to 45µ in the male and 45µ to 58µ in the female. The cervical 
papillae are asymmetrically arranged. The left papilla is the more 
anteriorly placed. Mönnig (1924) figures Streptopharagus armatus 
with the right papilla nearer the anterior end. This is undoubtedly 
not the case. In S. geosciuri the left and the right papillae are 
situated at intervals of 160,u to 170µ (male), -160p. to 245p (female) 
and 32Oµ to 432g (male), 352u to 432µ (female) respectively from the 
anterior extremity. The nerve ring is situated slightly in front of the 
left cervical papilla. The excretory pore is approximately on a level 
with the right cervical papilla. In males it is 294µ to 32Oµ and in 
females 32Oµ to 432µ posteriorly to the cephalic end. The cephalic 
extremity bears the usual six papillae. The four submedians are 
well defined while the two medians are rather rudimentary. The 
examination of the cephalic extremity of a female of Streptopharagus 
pigmentatus (v. Linstow, 1897), Rail., and Henry, 1918 from Papiò 
porcarius, Cape Province, confirms Ortlepp's findings that there are 
two large submedian papillae on each lip, instead of the two groups 
of three as recorded by Mönnig (1924). 
Male Characters. 
The posterior extremity has well developed caudal alae and is 
in preserved specimens strongly coiled, rendering a thorough 
examination of the ventral surface rather difficult. By allowing 
specimens to die in cold physiological saline this marked coiling was 
partly eliminated and allowed of a more careful examination. This 
examination of unpreserved specimens proved that the presence of 
the clawlike structures recorded for Streptopharagus baylisi Ortlepp 
1.925 (syn. Streptopharagus armatus Blanch of Baylis, 1923), was 
merely the result of the folding of the ventral cuticle while 
orientating the caudal extremity under a heavy coverslip so as to 
obtain a good view of its ventral aspect. These claw -like structures 
on one side of the cloacal aperture' would disappear and . reappear on 
the other side when the coverslip was moved in a reverse direction. 
It was then evident that what really had happened was that when . 
the coverslip was moved to the right the cuticle on the ventral sur- 
face to the left of the anus folds on itself and the thus folded on 
themselves longitudinal ridges produced the claw -like structures. 
Their presence in preserved specimens must be due either to . the 
contraction of certain muscles or to the pressure applied for flatten- 
ing out the bursa. They can no longer be regarded as of any 
specific generic importance. This observation undoubtedly proves the 
desirability of examining live or unpreserved specimens whenever 
possible. 
The caudal bursa bears four pairs of preanal and one pair of 
postanal pedunculated papillae, a single large sessile median papilla 
on the anterior border of the cloacal aperture, a pair of sessile 
papillae just behind the anus, and five pairs of small papillae, 
closely grouped together, on flue ventral aspect of the tail. The 
pair of postanal sessile papillae is somewhat hidden by the cuticular 
bosses and longitudinal striations in that -area. Ortlepp (1925), 
records their presence in S. armatus and in S. baylisi. 
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The presence of a single large sessile preanal papilla has not 
hitherto been recorded for any of the other members of the genus. 
Among the camera lucida drawings made of helminths during my 
stay at the London School of Tropical Medicine in 1924, there is 
one (Fig. 4) of the caudal extremity of a male Streptophamagus 
armatus from Macacus nemestrinus. In this drawing there figure a 
pair of sessile papillae on the posterior lip of the cloacal opening 
and a single median sessile papilla on the anterior lip of the same 
aperture. Ortlepp (1925) does not figure this median preanal papilla. 
Its presence proves the close affinities existing between the genera 
Spirocerca and Streptopharagus. Baylis and Daubney (1926) include 
both these genera in the subfamily Arduenninae Railliet and Henry, 
1912, while Yorke and Maplestone (1926) retain them in separate, 
subfamilies. Their retention in separate subfamilies does not seem 
natural. 
The spicules are unequal, the left being 2.23 mm. to 2.62 mm. 
and the right 416p to 448g long. The gubernaculum has a length 
of 54a to 64,u. 
Female Characters. 
The vulva is a rather small circular aperture situated at a dis- 
tance of 7.5 mm. to 10 mm. from the anterior extremity. The 
genitalia is of the type as figured by Seurat (1914) for Spirocerca 
sanguinolenta (Rud.). The vagina continues posteriorly to divide 
into two uteri, one of which turns anteriorly. The eggs in the 
vagina contain embryoes and measure 35.21a by 17.6p. The anus 
is situated 231µ to 269p in front of the blunt posterior extremity 
which carries a pair of caudal papillae. 
Remarks. 
This species would appear to be closely related to Streptophargus 
numidicus Seurat, 1917, from Vulpes cerdo. Ortlepp (1925) records 
having collected two partly decomposed specimens of S. numidicus 
from Gerbillus pygarus and he gives the length of the left and right 
spicules as 2.2 mm. and 480p respectively. This compares well with 
those of the species described here. Seurat's species is inadequately 
described, and it is therefore impossible to ascertain with any degree 
of certainity whether it is identical with the species from Geoscivrüs 
capensis. 
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FIG. 1. 
Dorsal view, anterior extremity 
of S. geosciuri. 
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Anterior view of the cranial end in 
Streptopharagus pigmentatus. 
FIG. 2. 
Ventral surface, posterior extremity 
of a male -S. geosciuri. 
FiG. 4. 
Caudal extremity of Streptopharagus armatus 
from Macacus nemestrinus. 
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16th Report of the Director of Veterinary Services and Animal 
Industry, Union of South Africa, August, 1930. 
The Generic Position of Oxyuris polyoan von 
Linstow, 1909, in the Sub- family Oxyurinae, 
Hall, 1916. 
By P. L. LE ROUX, B.Sc., M.R.C.V.S., Veterinary Research 
Officer, Onderstepoort. 
IN July, 1929, the writer collected and preserved in glycerine 
alcohol oxyurids from the caecum and colon of a Cape ground squirrel 
(Geosciurus capensis, syn. Xeres setosus) shot on a farm in the district 
of Bloemhof, Transvaal. The examination of specimens cleared in 
lacto- phenol proved them to be specimens of Uxyuris polyoon von 
Linstow, 1909. This species was originally recovered from the same 
host at Rehoboth, in the then German South West Africa. 
The original description of this worm is so meagre that Hall 
(1916) expressed the view that it should probably be transferred to the 
genus Dermatoxys Schneider, 1866. Hall was most likely influenced 
by Seurat's (1915) remarks that von Linstow's species was very closely 
related to the species Dermatoxys getula described by him from the 
caecum of Atlantoxerus getula (syn. Xeres getulus) in Morocco. 
Yorke and Maplestone (1926) list D. polyoon (v. Linstow, 1909) as 
a doubtful species of Dermatoxys. 
An examination of the specimens collected by the writer proved 
that von Linstow's species is a member of the genus Enterobius 
Leach, 1853, and is, therefore, re -named Enterobius polyoon (v. 
Linstow, 1909). As synonyms should be cited : -O.vyuris polyoon von 
Linstow, 1909, and D. polyoon (von Linstow, 1909), Yorke and Maple - 
stone, 1926. 
MORPHOLOGY OF Enterobius polyoon (v. LINSTOw, 1909). 
Specific diagnosis, Enterobius: Mouth with three prominent lips 
(one dorsal and two subventral); cuticle inflated anteriorly, and trans- 
versely striated ; narrow lateral alae arising - close behind the nerve 
ring and extending almost to the posterior extremity-in the female; 
no buccal capsule ; oesophagus with a club -shaved anterior portion 
separated from the oesophageal bulb by a constriction, oesophageal 
bulb containing a valvular apparatus ; excretory pore opening slightly 
caudal to the posterior limit of the oesophagus, nerve ring just pos- 
terior to the cephalic inflation. 
Male: Posterior extremity truncated, caudal alae supported 
anteriorly by a pair of stout pedunculated prean.al papillae and pos- 
teriorly by a somewhat similar pair arising from a sublateral position 
close to the caudal extremity of the body, and laterally by a pair of 
e.d.anal papillae followed by a pair of nostanal Papillae : another pair 
of caudal papillae much reduced in size and not supporting the alae, 
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situated more dorso- laterally than the others.; spicule single and 
relatively long, gubernaculum absent. 
Female: Vulva in anterior half of the body; ovejector well deve- 
loped with the uteri leaving in opposite directions; in gravid females 
the uteri extending anteriorly half -way up the oesophagus and pos- 
terior to the anus; oviparous, eggs with a thick smooth shell. 
The Male. 
Six of the larger; finales were selected for the various measure- 
ments. They varied in length between 3.4 nïm.to 3.7 mm. with a 
maximum thickness of 277p. to 365z about the junction of the middle 
and posterior thirds of the body. The oesophagus measures S36µ to 
927A in length. The anterior club- shaped portion varies_ between 713v 
to 783v in the different specimens. This portion has a minimum dia- 
meter of 38j to 44p. while the maximum ranges from 70g to 77g. The 
oesophageal bulb measures l28µ to 144µ in length and its width varies' 
between 118µ and 144g. The lateral diameter of this portion often 
exceeds its antero- posterior dimension. 
The width of the cephalic extremity immediately anterior to the 
inflation is approximately 5.1 while that of the cephalic inflation 
ranges from 96p. to 115µ. The antero- posterior dimensions of this 
inflation are 40p. to 112µ mi the dorsal and ventral aspects by only SOL. 
to 95p. on the lateral aspects. In some specimens the dorsal measure- 
ment exceeds the ventral but this is reversed in others,. Cameron 
(1929) observes that in E. vermicular-is the swelling is longer laterally 
than on the dorsal .or ventral aspect. 
The excretory pore is situated about 48p to 64p behind the pos- 
terior limit of the oseophagus while the lateral alae arise at a point . 
situated 243p to 288FA posterior to the cephalic extremity. 
The single testis . pass to within 532g to 380p. of the base of the 
oesophagus before turning posteriorly. The spicule is heavily 
chitinised anteriorly and is here furnished with antero -laterally 
directed lateral appendages. These- appendages appear rather fibrous. 
The spicule, including the appendages, has a length of 262A to 275µs 
The chitinised portion alone measures 214 /L to 220A and has a maxi:- 
mum dorsal -ventral depth of 32g. In specimens cleared in lacto- 
phenol the spicule was distorted. It was Much swollen about the 
junction of the posterior and middle. third. This distortion was even 
more marked ina ventral view of the spicule. It would be interesting 
to know whether the spicules of; the other members of this genus are 
susceptible to similar distortion in lacto- phenol. 
gubernaculum proper is absent but the spicule is evidently 
guided by a thickening of the dorsal will of the ,spicular canal pos- 
teriorly. In longitudinal section this thickened portion seems to be 
composed of material identical with that of the walls of the rectum. 
The ventrally curved truncated posterior extremity is furnished 
with well- developed caudal alae supported by foui hairs of peduncu- 
lated papillae (one pair preanal, a pair of adanàl and two pairs of 
postanal). The caudal extremity is armed with ail additional pair of 
papillae situated dorsally to the roots of the postanol papillae. This 
pair of rather slender papillae are by no means conspicuous and is not 
figured by on Linstow (1909) . for O. polyoon. That the analogous 
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pair may be readily missed in the type species of the genus is evident 
from Fig. 122 1). of Yorke and Maplestone (1926). Lane and Low 
(1923) figure. six pairs of caudal papillae for E. veimicularis. Sluiter, 
Swellengrehel. and Ihle (1921) defining the characteristics of the genus 
Enterolbius mention that the caudal alae are supported anteriorly by 
one pair of pedunculated preanal papillae and posteriorly by two 
pairs of-ordinary papillae. They also mention two additional pairs of 
sessile postanal papillae. In their brief description of the male of E. 
vermicularis they state that there are present on the tail six pairs of 
small papillae of which the anterior and the posterior are the larger. 
Cameron (1929) records and figures five pairs of caudal papillae for 
this worm. He mentions that the pair before the last is very slender. 
This pair corresponds to the additional pair mentioned above for E. 
polyoon. 
The Female. 
Females and males are present in approximately equal numbers 
and the former are not very much larger than the latter. The larger 
specimens were measured. They vary from 5.25 min to 7.5 mm. in 
length and a maximum thickness of 308iÁ to 465y was reached just 
posterior to the vulva which is situated at a distance of 1.58 mm. to 
1.76 mm. from the cephalic extremity. The length of the oesophagus 
is 1.02 inn'. to 1.1 mm. The anterior portion is 851µ to 942µ while the 
bulbular portion measures l52µ to 160µ. The minimum and the 
maximum diameters of the prebulbular portion are 48µ and 86µ to 
96µ respectively, while the bulbular portion has a width of 165µ to 
l84µ. 
The anterior cuticular inflation is as prominent as in the males, 
while the lateral alae are readily visible and arise at a point sivated 
between 246p and 33Oµ from the anterior end. The anus is situated 
between 1.12 min and 1.33 mm. in front of the posterior extremity. 
The ovejector runs caudally for approximately 1.25 mm. before 
dividing into the two uteri, one passing anteriorly and the other pos- 
teriorly. The uteri are voluminous and closely packed with thick - 
shelled eggs measuring 64p by 25p. The eggs have one side somewhat 
flattened, causing them to appear asymmetrical in outline when 
orientated into a certain position. Some of the more `matured eggs 
contain partly developed embryos. The eggs; would therefore appear 
to be deposited in an advanced stage of segmentation. . No eggs were 
recovered from the faecal matter in the caecum or any other part of 
the alimentary tract. 
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11. 
Dorsal view of the anterior extremity. 
7 2. 
Lateral view of the anterior extremity. 
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Lateral view of the posterior extremity of the female. 
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. 4. 
Verna le genitalia in an immature female. 
Immature adult male still within cuticle 
of the former larval stage. 
210 
Anterior extremity of immature 
adult still within cuticle of the 
former larval stage. 

16th Report of the Director of Veterinary Services and Animal 
Industry, Union of South Africa, August, 1930. - 
An Acuaria (Acuaria martinagliai sp. nov.) 
from a South African Weaver (Hyphan- 
tornis sp.). 
By P. L. LE ROUX, B.Sc. (Edin.), M.R.C.V.S., Veterinary 
Research Officer, Onderstepeort. 
INTRODUCTION. 
Irr December, 1929, Dr. G. Martinaglia visited Johannesburg in 
connection with an outbreak of Fowl Typhoid amongst a flock of 
Leghorns. To investigate the possible dissemination of this wide- 
spread disease by some of the smaller wild birds, he requested the 
poultryman to trap some of the Weavers and Cape Sparrows that visit 
the poultry pens regularly. It is from one of these trapped Weavers 
that Dr.. 1Vlartinaglia's assistant, Mr. Grobler, collected two female 
acuarias. On a personal examination of . the gizzard I secured a 
solitary male. The name Acuaria martinagliai, sp. nov. is desig- 
nated for this worm in honour of my Colleague, Dr. Giovanni 
Martinaglia, who has contributed much towards our knowledge of 
the maladies affecting the domestic fowl in South Africa. 
The weaver was unfortunately not identified with certainty, but 
is probably Hyphantornis velatus arundinarius (Burch). 
This is apparently the first record of a member of the genus 
Acuaria (Bremser, 1877), Cram, 1927; from South Africa. 
The chief measurements of the three specimens are appended 
(see Table 1):. 
MORPHOLOGY. 
Macroscopic Characters. 
The fine and hair -like body is in freshly collected specimens 
practically colourless. These characters camouflage the presence of 
the parasite on the surfaces exposed after the removal of the horny 
layer - lining the :Jumen of the gizzard. The females were detected 
as this lining was separated from the muscular wall of the organ. 
The male was only discovered on scraping the newly ,detached 'sur- 
face of the inner tunic with a fine dissecting needle. 
Microscopic Characters. -After preservation in boiling glycerine 
alcohol the ,specimens were perfectly straight. The 'caudal ex- 
tremity of the male was 'not ventrally curved as is usually the case 
with Cheilospirura hamulosa. The latter is a very common parasite 
of the muscular portion of the gizzard of South African fowls on 
free range. 
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The cuticle bears very fine transverse striations. About the 
junction of the two portions of the oesophagus they are approximately 
3.5p apart. 
- . The anterior extremity is furnished with a roughly pyramidal - 
sháped head. The oral aperture is bounded laterally on each side 
by a conical lip G -8µ high. The exact limits of these lips can only 
be ascertained with certainty when the head is viewed either dorsally 
or ventrally. From a comparison of the descriptions of the different 
species of Acuaria it is evident that some authors are undoubtedly 
crediting some of the members of the genus with larger lips than 
they can possibly possess. Most of the recorded species would appear 
rather inadequately described and figured. 
The head is furnished with the usual six head papillae common 
to most, if not all nematodes. Each lateral aspect of the " pyramid " 
bears slight pedunculated subdorsal and subventral head papillae 
towards the angles at the base. In addition to these each also has a 
rather poorly developed and inconspicuous median head papilla. 
situated about halfway between the apex_ and the base. 
The oral aperture leads into a tubular pharynx with fairly thick 
wall which appears to be transversely striated. The pharynx is 
followed by an oesophagus differentiated into an anterior fairly trans- 
parent muscular portion and a stouter and more granular posterior 
portion (the glandular oesophagus). 
The inlet. to the intestine is guarded by the usual oesophageal 
valves. - 
A pair of cordons arise from each oral commissure, and diverge 
as they cross the dorsal and ventral surfaces of the pyramid " to 
proceed true caudally on gaining the subdorsal and subventral 
median lines of the body. The subventral pair stop slightly short 
of the posterior limit of the corresponding subdorsal pair. The 
cordons project but very slightly from the cuticular surface and Are 
not recurrent or anastomosing. 
The cervical papillae are rather small and difficult to locate. 
The left is slightly more posteriorly localized than the right. 
' The nerve -ring is prominent and, ;encircles the muscular oeso- 
phagus close to its cephalic end. 
Male Characters. -The body attains its maximum width just in 
front of the caudal bursa which has well developed lateral alae. 
There are twelve pairs of caudal papillae of which five pairs are 
definitely preanal, one pair practically adanal and the rest postanal. 
The postanal pairs are pedunculated and conspicuous, while the 
others are only very slightly pedunculated or not at all. The spicules 
are well developed with the right slightly longer but 'thinner than 
the left. The single testis extends anteriorly to the base of the oeso- 
phagus and turns back. 
Female Characters. -The vulva, circular in outline, is localized 
at the summit of a prominent mound. The dorso- ventral diameter 
at this point is 200 to 228,u which is also the maximum width of the 
body. The vagina is anteriorly directed and its first part measures 
approximately 200µ by 40p. The ovaries are opposed. The cranial 
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one extends anteriorly and about halfway up the length of the glan- 
dular portion of the oesophagus while the posterior one reaches close 
up to the rectum before turning cranially. The posterior extremity 
terminates in a long but rather thick blunt tail, furnished with well - 
defined subterminally placed caudal papillae. 
The uteri and the vagina are packed with thick (411) shelled eggs. 
A large percentage of these eggs are embryonated. 
TABLE I. 
The Chief Measurements (in Millimetres) of the three specimens. 
Sex. 
Male Females. 
Length of body 8.3 22.5 26.2 
Maximum width of body 0.100 0-200 0-228 
Anterior end of body to excretory pore 0.280 0.340 0390 
Anterior end of body to cervical papillae- 
Right 0.200 0-228 0.248 
Left 0.210 0256 0.260 
Anterior end of body to nerve ring 0220 Q250 0260 
Anterior end of body to termination of cordons - 
Subventral 0.180 0.348 0.400 
Subdorsal 0.260 0.480 0.500 
Measurements of pharynx - 
Le ngth.. 0.180 ' 0.204 0.200 
Width 0.017 0-019 0.020 
Measure ments of first portion of oesophagus - 
Length 0.576 0.592 0.592 
Width 0-028 0-040 0.046 
Measurements of second portion of oesophagus- 
Length 1.360 2.400 1.680 
Width 0.068 0.080 0.116 
Anus to posterior extremity of body 0.204 0.280 0.285 
Length of spicules- 
Right 0.146 - 
Left 0.140 - - 
Vulva to posterior extremity of body 19.0 12.0 
Eggs in utero and in vagina - 
Length. 0.040 0.044 
Width 0.025 0-027 
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Fig. 1. Lateral view of the anterior extremity, showing the cordons, etc. 
Fig. 2. Ventral view of the caudal extremity in male. 
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Fig. 3. Ventral view of the anterior extremity, showing origin of cordons 
at oral commissure. 
Fig. 4. Caudal extremity of a female. 
FIG. 5. 
Fig. 5 (a) Lateral view of right spicule. 
Fig. 5 (b) Dorsal view of right spicule. 
Fig. 5 (c) Lateral view of left spicule. 
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16th-Repo`'it :of the Director of Veterinary Services a.i d -Animal 
Industry, Union of South Africa, August, -1930. 
A New Nematode (Rictularia aethechini, sp. 
nov.), a Physaloptera and an ,Acanthocep- 
hala from the Hedgehog (Aethechinus fron- 
tales). 
By P. L. LE ROUX, B.Sc. (Edin,), _li.R.C.V.S., Veterinary 
Research Officer, Onderstepoort. 
INTRODUCTION. 
IN, September, 1929, the writer collected four species of helininths 
from- the alimentary tract of a young male hedgehog (Aethechinus 
frontalis syn. Erinaceus frontalis) caught close to Hamanskraal 
Railway Station, Transvaal. 
From the stomach were collected a few specimens of a species of 
Physaloptera Ruda These have tentatively been identified as speci- 
mens of Physaloptera dispar, "von Linstow, 1904 (Syn. Physaloptera 
-inciïrvá, von Linstow; 1908 recovered from the stomach and intestine 
of Erinaceus frontalis in the Kalahari Desert area. 
The small intestine yielded a few tape woisms, several Acantho- 
cephala. belonging to the genus . Monili f ormis Travassos, 1915 and 
twelve (four males and eight females) specimens of Rictularia, 
Frölich, 1802. The latter. could not be identified with any of- the 
hitherto described members of the genus Rictularia and the name 
Rictularia aethechi iii sp. nov. is proposed for them. 
RICTULARIA AETHECHINI sp. nov. 
Four males and eight females were collected, examined and 
measured. The more important measurements are. tabulated (see 
Table I). Some of the specimens were examined alive at the time of 
their collection. 
Macroscopic Appearance and Habits. -The live wòrms were of 
a reddish colour and were firmly attached to the intestinal mucosa. 
On their removal by means of a pair of fine pointed pincettes 
.haemorrhagic spots marked their former sites of attachment. That 
these parasites suck blood and feed on the cells of the intestinal 
mucosa are evident. The structure of the buccal cavity is well 
' adapted to those ends. Portions of the intestinal mucosa invariably 
came away attached to the oral armature, an d could not always be 
removed by shaking the worms vigorously in a tube containing normal 
physiological 'saline. On "preservation in hot glycerine alcohol the 
_reddish colour of the live specimens was replaced by a dirty white. 
The females are 'practically straight while the males appear with 
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the posterior extremity strongly bent ventrally (Figure 3.) The 
cephalic end is in both sexes more attenuated than the posterior and 
the anterior third of the body is slightly ventrally retracted. 
Microscopic Characters common to both sexes.- Except for the 
characters of the buccal capsule, . the cephalic and cervical papillae, 
the oesophagus and the excretory pore, there is little of specific value 
that is common to both sexes. The cuticle, for practically the entire 
length of the parasite, is furnished with a row of cuticular appendages 
along the subventral line on each side. Anteriorly these cuticular 
appendages, also known as " combs," overlap each other. Pos- 
teriorly they are represented as well defined' cuticular spines, and 
are spaced fairly wide apart. The transition from " combs " into 
spines " is somewhat gradual. Baylis (1928) observes that too 
much stress has been laid in many of the descriptions of species of 
Rictularia, upon the distinction between " combs " and " spines." 
These structures are merely degrees of modification of the same 
structure. In R.' aethechini sp. nov. the " combs " consist of a 
dorso- ventrally flattened free ridge. This ridge increases in height 
towards its posterior termination where it has .a well- marked pos- 
terior border forming an angle with the long free lateral border. 
It is this posterior external angle which becomes more and more 
acute until we have,a definite spine: (Figures 7, 8 and 9.) 
Along each side of the attached border of the ridge the cuticle 
is most characteristically thickened and striated. 
Most of species are rather inadequately de- 
scribed as regards the build of the buccal cavity and the characters 
of the cuticular appendages which are undoubtedly adaptations for 
progression and anchorage. 
The subterminally placed oral aperture faces dorsally and is 
pentagonal in outline (Figure 2). The buccal capsule is a somewhat 
complicated structure. Its` walls are heavily chinitised and thick 
(maximum thickness of dorsal, ventral and lateral walls varies from 
12,u to 16v). Its anterior free Margin is armed with teeth varying 
in shape and magnitude. The single mid-ventral tooth (v.ba: 
Figure 7) is a continuation of the veiitnal wall and is -long and stout. 
This tooth has its buccal surface concave both in. length and width 
and it should , perhaps - be more cgrrectly termed a ventral cutting 
plate. Mid- laterally the oral aperrture on both` sides' is guarded by 
a fairly stout lateral buccal tooth (1.b.t. Figure 1): It -is triangular 
in outline and points anteriorly and dorsally. 
Between: the bases of the above -mentioned teeth the margin ,of . 
the buccal cavity is armed with smaller teeth which would appear 
to be homologous with the " row of denticles "described by Hall 
(1914) for R. splendida and by others for different species of Ric- 
tularia. 
In addition to the above-mentioned structures the buccal capsule 
is characterized by a well -developed dorsal gutter arising from the 
floor and partly from the - dorsal wall of the buccal capsule with a 
length of 50,u to 60µ. In dorsal view it is triangular in outline. 
In lateral aspect there appear on the floor of the oesophagus 
three well-defined projections which will be referred to as oesopha- 
geal teeth. They correspond in position to the three sectors of the 
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oesophagus. In lateral view the subventral teeth appear roughly 
triangular in outline (subv. o.t., Figure 7), while the dorsal oeso- 
phageal. tooth (Figure 7), rather stout and with rounded tip, is 
directed anteriorly and ventrally. In a dorsal view the subventral 
oesophageal teeth show prominently. . 
The cephalic papillae are well -developed and rather charac- 
teristic. Each papilla ends in a crescent- shaped structure which 
appears slightly chinitised. Owing to the distortion of the cephalic 
extremity the arrangement of the papillae in this genus is somewhat 
different from that usually met with in nematodes, with the oral 
opening facing true anteriorly. Their positions except for the be- 
haviour of the subventral pair resemble that of the Ancylostomidae. ' 
The subventral cephalic papillae figure prominently in the anterior 
half of the cephalic - extremity. In dorsal or ventral aspect . they 
appear .with a thick common stem but with their extremities free and. 
each ending separately in a crescent- shaped apparently chinitised 
claw -like structure. 
The lateral pair of cephalic papillae is on the anterior level of 
the buccal cavity while the subdorsal pair is just posterior to the 
edge of the oral aperture. Hall (1914) observes that head papillae, 
while doubtless present, are not evident in the male of R. splendida. 
In the female he found them to be ill -developed. Schulz (Figures 
17 and 18, 1927) figures for Rictularia amiurensis Schulz, 1927 pro- 
minent cephalic papillae ending in crescent- shaped structures. 
Baylis (1928a) figures for Rictularia myöbèrgi double lateral 
papillae and - neither these nor any of the others have crescent- shaped 
terminations. 
Anteriorly the cervical cuticle is inflated dorsally and ventrally. 
This inflation is more pronounced dorsally (Figure 1.) 
The oesophagus is long and consists of an anterior transparent 
muscular portion followed by a longer and more granular posterior 
portion. 
The nerve ring encircles the anterior portion of the oesophagus 
áboù - its middle. 
The cervical papillae ai e .rather short and delicate structures 
and can be readily overlooked. They are localized about the level 
of the sixth to seventh cuticular appendage and slightly posterior to 
the excretory pore which is most 'difficult to locate owing to it being 
obscured by the sixth or the seventh cuticular appendage. 
The cuticle bears fine transverse striations at intervals of 9µ to 
lOµ. !! 1, Y7 
Male Characters. -The `cuticular appendages, extend further 
caudad than in the females. Each subventral row consists of approx- 
imately forty -one " combs " and nine " spines." The so- called 
transition. from "combs " to " spines " is more sudden than in the 
opposite sex. The first appendage is close to the cephalic extremity. 
The last pair is usually rudimentary and physiologically defunct. 
The single testis is well dev`elopéd and extends almost to the 
posterior end of the oesophagus before turning back. There are two 
rather unequal spicules and rather rudimentary and va.n +,illy, 
situated accessory piece. 
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The strongly :_ventrally -bent caudal extremity is without alae. 
The. ventral surface is ornamented with cuticular peri -cloacal mark - 
iings. There are three pairs_ of pre-anal. and five pairs of post-anal 
sessile papillae. The cloaca opens on the summit of 'a - slight mound. 
Anterior to the most anterior pair of pre -anal papillae there is :in the 
midvèntral line a wart -like structure, 100µ in height with an antero- 
posterior diameter of 160µa This structure is situated 160, in front. 
of the anus. The median ventral " combs " of Baylis (1928b) . or . 
the ventral fans of Hall (1914) were not observed on the ventral sr 
face on any one of the four males of R. aethechini. 
Female Characters. -The transition. .from " combs to 
spines " is gradual. There are relatively forty -six combs- and 
twenty -nine spines to each row. The free . extremity of the most 
posteriorly placed spines projects hardly beyond the cuticle. In. 
most casés the last pair is rather rudimentary and merely represented 
by a thickening of the cuticle. `In a young specimen the last. pair 
of spines is anteriorly directed. 
The vulva is just posterior to the base of the oesophagus and 
opens ventrally as a transverse slit opposite the forty- second cuticular 
appendage. The short and relatively thick vagina continues pos- 
teriorly and divides into two uteri lying parallel to each other. The 
uteri are packed with eggs.. A large percentage of . these are 
embryonated. 
The rather short blunt tail ends in a small conical knob. The 
usual. caudal papillae are close - to the posterior extremity. 
A,elnities. -About fifteen species of Rictularia have hitherto 
been described from rodents, insectivora and carnivora from various 
countries. Most of these species are rather inadequately described 
and figured. Rictularia aethechini does not seem to be closely related 
to any of them. . 
The sub -family Rictulariidae was founded 'by Hall (1913) . be- 
cause Rictularia Frölich, 1802, could not be referred to any of the 
then established sub- families of the family Metastrongylidae Railliet 
and Henry, 1910. The allocation of genus Rictularia, to the Meta - 
strongyli:dae cannot be accepted. 
Hall (1913) based his conclusion on the structure of the buccal 
capsule, the oesophagus, the spicules and the female reproductive. 
glands. He, however, observes that it does not possess the normal 
strongyle bursa and that the cuticular ornamentation and the fact 
that it is ovoviviparous are not typical conditions in the Strongylidae. 
Railliet (1916) created the family Rictulariidae and included ,. 
it in the ,super- family Spiruroidea Railliet and Henry, 1915. Yorke 
and Maplestone (1926) accept Railliet's classification. Baylis and 
Daubney (1926) express the belief that the genus under cònsideration 
should be included in the sub -family T helaziinae of the Spirnroidae 
Oerley (1885). "These authórs disregard Railliet and Henry's (1915) 
classification and assign to the super -family Filarióidea, Weinland 
(1858) the families which are grouped . in the super -family Spirit- 
roidea by Yorke and Maplestone (1926.) 
Baylis (19284 still assigns the genus Rich/la/4a to the family 
Spi?uroidae. The retention of the super -family Spiruroidae with the 
fahrily Rictülaridae' a.s one of its sub- divisions would undoubtedly 
simplify rather than complicate the classification of nematodes. 
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TABLE I. 
Measurements in millimetres) of Males and Females of Rictularia 
aethechini sp. nov. 
Male. Female. 
Length 5-8.5 15-21 
Maximum diameter of body 0.400-0.580 0.536-0.608 
Lateral diameter of head 0.132 0.128-0.140 
Distance from anterior extremity to 1st comb 0.084-0.096 0.100-0.110 
Distance from anterior extremity to nerve ring 0.320-0.440 0.400-0.460 
Distance from anterior extremity to excretory pore 0.400-0.480 0.715-0.740 
Distance from anterior extremity to base of oesophagus 0.112-0.130 0.132-0.140 
Distance from anterior extremity to vulva 5.10 -7.500 
Length of muscular portion of oesophagus 0.355-0.656 0.624-0.950 
Maximum width of muscular portion of oesophagus 
Length of glandular portion of oesophagus 1.920-2.400 3.230-4.200 
Maximum width of glandular portion of oesophagus 
Distance from anus to posterior extremity 0.150-0.225 0.144 -0.200 
Measurements of the eggs in uteri- 
Length 0.050 -0.060 
Width 0.032 -0.044 
Length of spicules- 
Right 0.118 -0.132 
Left 0.190- 0.225. 
Length of gubernaculum 0.028 -0.034 
PHYSALOPTERA sp. 
The species of Physaloptera which have hitherto been recorded 
from different species of hedge -hogs are : 
1. Physaloptera clausa Rud., 1819 from Erinaceus europaeus. 
Seurat's (1917) redescription of the parasite is based on specimens col - 
lected from E. algirus and E. deserti of Northern Africa. This 
author mentions Physaloptera dispar v: Linstow (1904), as a synonym 
of the type species. Ortlepp (1922) having examined the specimens 
of P. clausa, preserved . in the helminthological collection of ' the 
Vienna Museum and specimens in the collection of Prof. R. T. Leiper, 
points out that his observations differ in many respects from those 
of Seurat. Ortlepp further observes that Schneider (1866) also was 
probably not dealing with P. clausa but a species identical with or 
closely! related to Seurat's specimens. 
2. Physaloptera dispar v. Linstow (1904) originally described. 
from E. albiventris in Nigeria. This species has recently been, 
recorded by Baylis (1928) from Atelerix spicules and A. spinifex in 
Nigeria. In this communication Baylis observes that P. clausa óf` 
Seurat is a synonym of P. dispar. He arrived at this conclusion 
after having re- examined the type- specimens of the latter. He points 
out that von Linstow's description and figures are inaccurate in 
several particulars and refers to the discrepancy between Seurat's 
and. von Linstow's descriptions in regard to the length of the spicules. 
Baylis records that the length of the left spicules varies considerably, 
ranging from 0.3 to 0.5 mm. 
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3. Physaloptera incurva,- von Linstow (1908) recorded as a 
parasite of Erinaçeus frontalis. (syn. Aethe:chinus frontalis) from the 
Kalahari region. This species is rather inadequately described by 
von Linstow as quoted by Ortlepp. Von Linstow's original. com- 
munication is not available in South Africa. It is quite natural to 
expect that the specimens described by von Linstow would be iden- 
tical with those collected by me from the same host. . 
The Identity of the Transvaal Specimens. -On comparing the 
measurements (Tables II, III and IV) of the locally collected speci- 
mens with the already described species. from hedgehogs, it would 
appear that P.' clausa of Seurat, P. dispar and P. incurva and the 
locally collected specimens are identical, and that a re- examination 
of Physaloptera clausa Rud., may prove P. dispar to be identical 
with it. 
The examination of the few males present in my material seems 
to prove that too much significance should not be attached to : (1) 
the position of the various pairs of caudal papillae and (2) the 
character of the post -anal papillae as to whether certain pairs are 
always pedunculated or sessile. Baylis has shown that the length 
of the left spicule may vary considerably. Where camera lucida 
drawings of the spicules are given, it would appear essential to have 
both lateral and dorsal, aspects figured. Baylis has rightly referred 
to the difficulty of determining the precise limits of the spicules in 
cleared-specimens. 
Remaries on Certain Structures in, the Transvaal Specimens. - 
It should be stated that the specimens were probably not quite full - 
grown and this, may account for slight differences in certain measure- 
ments (e.g. maximum diameter of body). 
Ortlepp (1922) observes that he has failed to detect the presence 
of the additional external papillae recorded by a number of observers 
as present in the midline of the lip. In the specimens examined by 
me there is in the midline at the shoulder -like bulging of each lip 
a small papilla (median cephalic papilla) situated in a small depres- 
sion. These .median cephalic papillae are also present in speci- 
mens of Physaloptera- capensis, described by Ortlepp (1922) for 
Xerus setosus (syn. - Geosciiarus òapensis), South Africa, and in the 
'specimens of a species of Physaloptera collected by the writer on the 
28th May, 1929, from the stomach of a native dog and handed to 
Prof. If. O. Mönnig, who has-described and designated them Physa- 
loptera canis. The latter does not record the presence of . the median 
cephalic papillae: 
In some specimens the loosely attached cuticle forms a prepuce - 
like collar at the base of the lips. In others this bulging forward of 
the cuticle over the base of the lips was not evident and in these cases 
the surface . of the cuticle in the region of the base of the lips .appear 
studded with . numerous minute elevations (Figure 1). This modifi- 
cation of the surface of the cuticle in this region is undoubtedly an 
adaptation for facilitating anchorage to the gastric mucosa when the 
cuticle is extended over the base of the lips. 
The chief measurements of three males and five females are tabu- 
lated with the measurements of a male and a female of Seurat (1917) 
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TABLE 111(A). 
A comparison of the Measurements (in millimètrs) of a female 
of P. clausa Mad. of Seurat *ith those of five Specimens of the 
species Of Physalopterra.from Aethechinus frontalis. 
Species 
Authors 
Length of body 
P. G'láusçi. Physaloptera sp. 
Seurat, 1917. Le Roux. 
51.5 33.0 34.0 34.5 35.2 36-4 
Maximum width of body 1.350 0 -720 0.800 0.672 0.848 0.864 
Distance of nerve -ring 
from anterior end.... 0.696 0.448 0.512 0.480 0.496 0.516 
Distance of cervical 





1.140 f 0.672 0.816_ 0.728 0.780 0.992 
Distance of excretory pore 
from anterior end 1-152 0.720 0'806 0.720 0.768 0.720 
Distance of vulva from 
anterior. end " 8.415 
. 
4-100 4ßO0 5.107 4.300 4.420 
Length of muscular. oeso- 
phagus 0.780 0.496 0.560 0.480 0.544 0.563 
Maximum width of 
muscular oesophagus 0.136. 0-.120 0-138 0.144 0.146 
Total length of oesophagus 7.425 4.696 '5.310 4.730 5.244 5.425 
Maximum diameter of 
oesaphagus 0.320 0.304 0.320 0.336 0-328 
Distance of anus from 
posterior end 0.950 0.480 0.560 0.480 0.560 0.496 
Measurement of eggus in 
utero- 
Length 0.065 0.056 0.056 0.058 0.058 0.062 
Breadth 0.042 0.030 0.030 0-032 0.032 0.030 
TABLE III(B). 
A Comparison of the measurements of a male of P. clausa Rud. 
of Seurat with those of the three specimens of a species of Physalop- 
tera from A. frontalis. 
Species 
Authors 
Length of body 




26-7 20 21 . 22 
Maximum width of body 0.730. 0480 0.496 0486 
Distance of nerve -ring from anterior end 0.530 0400 0.400 0-400 





0.905f 0576 0.562 0608 
Distance of excretory pore from anterior 
end - 0995 0.592 0576 0622 
Length of muscular oesophagus 0.600 0416 0456 0-435 
Maximum diameter of muscular oesophagus 0108 0102 0102 
Total length of oesophagus 4-820 3666 3556 4-135 
Maximum diameter -of Oesophagus 0-224 0.232 0.210 
Length of spicules- 
Right 0.300 0-300 0-300 0-300 
Left 0.360 0384 0320 0-500 
Distance of anus from posterior end...-. 1.210 0.880 , 0912 0.896 
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MONILIFORMIS MONILIFORMIS ( BREMSER, 1811). 
Two species of Moniliformis Travassos, 1915 have hitherto been 
recorded from hedgehogs. Southwell and e Macfie (1925) describe 
Moniliformis erinacei from the hedgehog ( Erinaceus europaeus) at 
Accra, West Africa. Von Linstow (1904) describes Echinorhynchus 
cestodiformis from the Nigerian hedgehog (Erinaceus albi- 
ventris.) Van Cleave (1924) having examined the type of von 
Linstow's species pronounced it to be identical with the type species 
Moniliformis moniliformis (Bremser 1877), which has Erinaceus 
europaeus from Europe as its type host. Southwell and Macfie 
examined specimens of the type species collected from Mus rattus 
and Mus norvegicus at Liverpool, West Africa (Freetown and Accra), 
South America (Manaos), and Australia (Townsville), from Crice- 
tomys gambianus at Accra, and one specimen from Homo sapiens at 
British Honduras. Subramanian (1927) describes Moniliformis 
spiralis from the intestine of Nesopia bengalensis at Rangoon. 
The measurements of the species from the, South African hedge- 
hog are tabulated with those of others (see Table IV). From a study 
of these measurements it is evident that the specimens from the local 
hedgehog have certain measurements in common with the type species . 
and others in common with Moniliformis erinacei, Southwell and 
Macfie (1925), of which only a solitary pair (male and ' female) was . 
examined by the authors. 
It is evident from the description of M. moniliformis that the 
measurements of the same structure vary within very wide - 
limits. The measurements quoted for the species from the local 
hedgehog are of specimens preserved in 10 per cent. formalin and 
cleared in lacto- phenol. Specimens were dissected for the determi- 
nation of the exact length of the lemnisci, which differed in length 
even in the same specimen. They reach the greatest length in the 
more matured individuals. 
Southwell and Macfie (1925) list as synonyms of Moniliformis- 
moniliformis the species : - 
1. Echinorhynchus moniliformis, Bremser, 1815. 
2. Gigantorhynchus moniliformis of Railliet et al. 
3. Hormorhynchus . moniliformis of Ward, 1917. 
4. Echinorhynchus cestodiformis, v. Linstow, 1904. 
5. Gigantorhynchus cestodi f ormis of Porta. 
6. Moniliformis cestodiformis of Travassos. 
Baylis (1929) records M. moniliformis as a parasite of rats, mice - 
and squirrels and occasionally of man and dog. As probable 
synonyms he lists the species : - 
1. Echinorrhynchus grassi Railliet, 1893. from a dog in Sicily.. 
2. Echinorrhynchus cans Porta, 1914 from a dog in Brazil. 
3. Echinorrhynchus hominis Leuchart, 1876 from a human in 
Prague. 
The differences between the specimens of Moniliformis collected 
from the various mammals are so insignificant that they should: 
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Fig..1. Lateral view of the anterior extremity: R. caethechini. 
,d-b.t.Tdorsal buccal toothy d.o.t:= dorsal 'oesophageal tooth; 
l.b.t.= lateral buccal tooth; l.i.c.pap. =left lateral cephalic papilla; 
l.o.t. = lateral oesophageal tooth; 1. subv. c. pap. =left subventr.al 
cephalic papilla ; 1. subd. c. pap. =left subdorsal cephalic papilla. 
2 
Fig. 2. Dorsal view of the anterior extremity. R. aethechini. 
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Fig'. 3. Posterior extremity of the male. R. aethechini. 
Fig. 4. Posterior extremity of the female. R. aethechini: 
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Figs. 5 -9. Differently shaped cuticular appendages. R. aethechinvi. 
1. /O. 
Fig. 10. Dorsal view of the anterior extremity showing the cuticular appendages 
(combs) overlapping. R. aethechini. 
- M.0. =Muscular oesophagus. G.0. =Glandular oesophagus. 
Fig. 11. Laterial view of anterior extremity. Physaloptera sp. 
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Fig. 12. Anterior of the cephalic extremity. Physaloptera sp. 
Fig. 13. Transverse section through cephalic extremity just posterior 
lips. Physaloptera sp. 
P. L. LE ROUX. 
to the 
Fig. 14. Ventral view of the candal extremity of a male. Physaloptera sp. 
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Fig. 15. Lateral view of the candal extremity of a female. Physaloptera sp. 
Fig. 16. Left and right spicules. Physaloptera sp. 
Fig. 17. The same left spicules in different views. Physaloptera sp. 

















16th Report of the Director of Veterinary Services and Animal 
Industry, Union of South Africa; August, 19.30. 
On Two New Helminths from the Abomasum 
of the Bushbuck in Zululand, Natal. 
By P. L. LE ROUX, B.Sc. (Edin.), M.R.C.V.S., Veterinary 
Research Officer, Onderstepoort. 
INTRODUCTION. 
IN August, 1929, the writer spent a week in Zululand' with a ranger 
who is shooting game under the direction of Mr. R. H. Harris, 
Director of Operations, Tsetse Fly Control. During this short stay 
there were facilities for the collection of parasites from buck shot 
in an area south of the White Umfolozi River. Most of the animals 
examined were relatively free of helminths, for from some, only 
three or four specimens were obained, while the majority harboured 
no macroscopic helminths whatever. 
The bushbuck (Trayelaphus sylvaticus) yielded two species new 
to science, these being from the abomasum. For the one species, 
which is a member of the genus Ostertagia Ransom 1907, the name 
Osteragia harrisi, sp. nov. is proposed in honour of Mr. Harris who 
assisted me in many ways. The females of the other species resemble 
those of H. contortus so closely that only a microscopic examination 
allows of a differentiation from members of the genera Haemonchus 
Cobb, 1898, and Mecistocirrus (Railliet and Henry, 1912), Neveu- 
Lemaire, 1914. Since the specimens of this species could not be allo- 
cated to any known genera of the sub -family Trichostrongylidae 
Leiper, 1908, the name Ashworthius pattoni gen. et sp. nov. is pro- 
posed in honour of Prof. J. H. Ashworth and Dr. W. S. Patton, my 
past teachers of Parasitology at the University of Edinburgh. In 
addition to these two species the host also harboured specimens of 
Haemonchus vegliai Le Roux, 1929, which has the Cape Ruda (Strep- 
siceros strepsiceros as type host and the Transvaal as type locality. 
.Corson (1928) does not list any helminths from the bushbuck in 
Zululand; but Mönnig (1928) mentions Cordophilus sagitta and 
Oesophagostomum columbianum as parasiting this antelope. 
It is indeed a great pity that adequate provision could not be 
made for the collection of helminths from the wild ruminants now 
being shot outside the boundaries of the old Umfolozi Game Reserve, 
where the unique Southern White Rhinoceros is also to be found. 
It would have been of value to know exactly the degree to which 
game may be infested with ecto- and endo- parasites. 
O'Roke (1927) has sounded a warning regarding parasitism and 
fauna conservatism. He shows that game protection societies are 
primarily concerned with the preservation of wild animals against 
gun -powder and lead, but that very little attention is paid to the 
vital requirements of the animals or their protection against para- 
sites. He adds : " Food and water, shelter and cOver, and protec- 
tion from enemies are the factors usually considered in planning for 
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the conservation of wild life. The important but little . understood 
questions of parasitism are beginning to command the attention of 
naturalists and biologists. The parasitologist can render valuable 
service to game commissions and wild life institutes through his 
knowledge of the ways of parasites." 
ASHWORTHIUS gen. nov. 
Gen eic Diagnosis.- Trichostrongylinae : Body filiform, head 
relatively large, buccal capsule rudimentary, buccal cavity small and 
armed with a stout tooth originating from the dorsal sector of the 
oesophagus ; cephalic papillae present, cervical papillae prominent. 
Male: copulatory-bursa with well developed lateral lobes, and a pro- 
minent dorsal lobe; bursal formula : -ventre- ventral and latero -ven- 
tral arise from a fairly long common trunk ; ventro- ventral about 
half the length and thickness of the latero-ventral; . estero- lateral 
ray is the longest and best developed ray in the lateral lobe and 
arise in common with the medio- lateral ray . from a well 
developed common trunk which in turn shares a very stout trunk in 
common with . the postero- lateral ray; externo- dorsal ray long 
but slender, and lies parallel to the postero -lateral which diverges 
distally from the other lateral rays; dorsal" ray well developed, 
terminating in four digits of which the inner two are the best 
developed. Spicules relatively short, with crests and protuberances 
(Figures. 5 and 6.) Gubernaculum apparently absent. Female: 
Vulva in the posterior half of the body. . Eggs segmenting when 
oviposited. 
ASHWO'RTHIUS PATTONI, gen. et. sp. nov. 
One male and five females were collected, preserved in glycerine 
alcohol and examined, and measured, after decolourising in lacto- 
phenol. The chief measurements of the male and females are shown 
in Table I. 
Characters common to Male and Female. -The buccal cavity is 
better developed than in either Haemonchus Cobb, 1898 or M ecisto- 
cirrus (Railliet and Henry, 1912), Neveu- Lemaire, 1914, and appears 
to be furnished with an extremely poorly developed buccal capsule -. 
(Figures 1 and 2). The buccal cavity faces slightly dorsally and is 
armed with a rather stout buccal lancet bent at right angles on itself 
and with the sharply pointed free extremity directed dorsally and 
projecting beyond the edge of the buccal cavity. This buccal lancet, 
perhaps more correctly termed dorsal gutter, measures approximately 
23 -25v along its convex border. It is atta,ched to the dorsal half of 
the oesophagus by means of two roots, triangular in, outline in a 
dorsal view, but roughly rectangular in a lateral view.. After attain- 
ing a height of 16u the buccal lancet bends sharply dorsally. This 
dorsally pointing portion measures 8 -10µ in length. The tooth has 
a maximum lateral diameter of 10p.. Along the ventral border runs 
a groove into which the dorsal cephalic gland opens. The head is 
studded with the usual., six cephalic papillae. The median head 
papillae are slightly more anteriorly situated than the others. 
Freshly collected specimens are of a darker colour than the common 
abomasal worms of sheep and cattle. The cuticle bears fine cross 
striations. Longitudinal striations, as recorded for other Tricho- 
strongylidae, are present. 
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Male Characters. -The copulatory bursa (Figure 3), consists of 
two prominent lateral lobes and a well developed symmetrical dorsal 
lobe measuring 626µ by 180µ. The dorsal ray supporting the dorsal 
lobe has a strongly developed stem measuring 144µ in length and 
divides posteriorly into two branches, each of which bifurcates 
almost immediately into a short, stout inner branch and a less 
strongly developed outer branch, The approximate arrangement of 
the rays supporting the lateral lobes are as drawn (Figure 4). The 
inner surfaces of the lateral lobes are furnished with bosses not un- 
like those met with in H. contortus and M. digitatus. The free: 
borders of the lateral lobes are crenated. The prebursal papillae, 
rather short and inconspicuous, are situated about 156,a in front of 
the bursa. Just anterior to them the cuticle is inflated laterally. The 
genital cone (Figure 7) is well developed with a rounded caudal 
extremity. In lateral view it bears a prominent swelling on its ven- 
tral surface. The genital appendages are well . developed. The out- 
line of the spicules varies somewhat when viewed dorsally, laterally 
or medially. In dorsal and ventral views they appear to be furnished 
with lateral projections at a point about 48µ from the posterior 
extremity which consists of two parts slightly overlapping each other 
and expanded ventrally. A gubernaculum appears absent. 
Female Characters. -Macroscopically the females would be mis- 
taken for specimens of H. contortus. The ovaries are twisted round 
the intestine and produce the barber's pole .appearance recorded as 
characteristic for the - wireworm of sheep. The arrangement of the 
genitalia is as in the members of the genus Haemonchus except for 
the absence of a linguiform process . or cuticular. swellings (Figure 8) 
in the neighbourhood of the vulva, which takes the form of a trans- 
verse slit. Posteriorly the body terminates in an acutely pointed tail 
(Figure 9). 
Type host: Adult male buslihuck (Tragelaphus sylvaticus).. 
Habitat: Abomasum. Type locality: Zululand, south bank of the 
White Umfolosi River. Type specimens and co-types: Will be 
deposited in the Helminthólogical collection at Onderstepoort. 
TABLE I! 
Measurements (in Millimetres) of Ashworthius pattoni 
gen. et sp. nov. 
Length 
Lateral width of head 
Thickness at level of cervical papillae 
Thickness at base of oesophagus 
, Thickness in front of copulatory bursa 










0.112- 0.138 - 
0.308- 0.354 
Length of oesophagus 1.39 139 - 162 
Width of oesophagus anteriorly 0.028 0.035- 0.037 
Minimum width of oesophagus 0.022 0.028- 0.032 
Maximum width of oesophagus 0.144 0.160- 0.170 
Anterior end to cervical papillae 0.385 0.324 0.462 
Anterior end to excretory pore 0.278 0.262 - 0338 
Length of spicules 0.400 
Vulva to anus - 3.08 3.88 
Anus to posterior end - 0.539- 0.554 
Caudal papillae to posterior end 0.162- 0.200 
Measurements of ova in utero 0.094 -0.098 a 
0.048- 0.050 
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OSTERTACIA HARRISI sp. nave 
Two males (one damaged) - and seven females were collected from 
a portion of abomasum -and preserved in 10 per cent. formalin. 
Having been kept in cold formalin the specimens are much coiled. 
.. Characters common to both Sexes. -The opening of the small 
mouth cavity faces anteriorly. The cuticle of the head is slightly 
dilated. (Figure.-10), and followed by a constriction. The cuticle is 
marked by rather fine cross striations and more prominent longitu- 
dinal- ridges which,. under high magnification, have a. beaded appear- 
ance as defined by. Ransom (1907) for the genus Ostertagia: These 
longitudinal striations decrease to a number as the cephalic end of 
the worm is approached and only half their number proceed ante- 
riorly beyond the cervical papillae. The sharply pointed cervical 
papillae are not placed laterally, but slightly nearer the mid -ventral 
line. They are well developed, and appear to be chitinised. The 
oesophagus is of the usual Ostertagia type and the cervical nerve 
ganglion is situated a little in front of the cervical papillae. 
Male Characters. -The copulatory bursa (Figure 11) is of the 
usual type and about twice as broad as long. The arrangement of 
the rays supporting the lobes of the bursa are as figures (Figure 11). 
The spicules are truncated at the tip: and appear approximately as 
drawn [Figure 12 (a -c) ] . 
Female Characters. -The vulva is a transverse slit covered with 
or without a prominent cuticular flap (see Figure 16). The anus is 
close to the tip of the tail which in all specimens was curled ventrally 
as figured. The tip of the tail is inflated. The muscular parts of 
the ovejectors are well developed. Eggs were only present in the 
anterior uterus. The posterior half of the genitalia contains no eggs 
and appears .atrophied (Figure ' 13. ) 
Type host -a young bushbuck ram. Habitat -abomasum. 
Locality- Zululand, on the south bankof the White Umfolozi River. 
Type specimens and co- types -Will be deposited in the Helminotho- 
logical collection at Onderstepoort. 
TABLE II. 






Lateral diameter of head 0.016 - 0.016 0.017 
Thickness in front of bursa 0.89 
Thickness at vulva - 0.091 0.114 
Thickness at anus ' ' - 0.038 0.042 
Thickness at base of oesophagus 0.057 0.055 0.070 
Length of oesophagus 0.448 0.450 0.520 
Maximum diameter of oesophagus - 0.032 0.032 0.040 
Anterior end to cervical papillae 0.175 0.200 0.230 
Anterior end to excretory pore 0.169 0.195 0.225 
Vulva to anus - 0.380 0.415 
Anus to posterior end - 0.096 0.112 
Length of spicules 0.155 -0.160 
Measurements of eggs in utero - (0.070 x 0.044) 
(0.083 x 0.048) 
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71.2: 
Fig. 1. Lateral view of cephalic extremity. A. pattoni sp. nov. 
Fig. 2. Dorsal view of cephalic extremity. .4. pattoni sp. nov. 
X9.3. 
Fig. 3. Ventral aspect of caudal end of male. A. pattoni sp. nov. 
Fig. 4. Ventral aspect of left lobe of copulatory bursa. A. pattoni sp. nov. 
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4'15 -*36. 
Figs. 5 and 6. Various aspects of the spicules. 5a and 6a left spicule. 5b and 
6c right spicule. A. pattoni, sp. nov. 
Fig. 7. Ventral view of genital coné and dorsal lobe of bursa. A. pattoni 
sp. nov. 
239 
TWO HELMINTHS FROM THE ABOMASUM OF BUSHBUCIí. 
Fig. 8. Portion of female, showing parts of genitalia. A. pattoni sp. nov 
Fig. 9. Posterior end of female. A. pattóni sp. nov. 
Fig. 10. Anterior end of a female. O. h;arrisi sp. nov. 
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lit ft 
Fig. 11. Ventral aspect of the copulatory bursa. O. harrisi sp. nov. 
Fig. 12. a. Lateral view of left spicule and gubernaculum. 
b. Right spicule. 
c. Left spicule. 
Fig. 13. Posterior extremity of female. O. harrisi sp. nov. 
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16th Report of the Director of Veterinary Services and Animal 
Industry, Union. of South Africa, August, 1930. 
A Preliminary Communication on the Life 
Cycle of Cotylophoron Cotylophorum and 
its Pathogenicity for Sheep and Cattle.* 
By P. L. LE ROITY., B.Sc. (Edin.), 11i.R.C.V.S., Veterinary 
Research Officer, Onderstepoort. 
WITHIN the last few months I had the opportunity of investigating 
two serious outbreaks of paramphistomiasis amongst sheep in the 
Orange Free State. These investigations and subsequent research 
proved that the immature stages of the paramphistome Cotylophoron 
cotylophorum (Fischoeder, 1901), Stiles and Goldberger, 1910, is 
most pathogenic for sheep and that the paramphistomes can no longer 
be regarded as the innoxious parasites that they were once considered 
to be. 
THE OUTBREAIKS INVESTIGATED. 
The first farm to be visited was " Breezy Brae " near Arlington. 
The owner here lost about 30 per cent. from a flock of approximately 
275. These sheep were running in a camp together with some native - 
owned cattle and had to drink from a rather muddy natural pool. 
The muddiness of the pool must be attributed to the presence of the 
cattle that wade well into the water when coming to drink. The 
examination of this pool proved that it was harbouring thousands of 
snails, members of a species of Bulinus. The species is probably 
identical with Bulinus schakoi (syn. Isidora schakoi) from which 
Cawston (1918), described Cercaria frondosa. Faust's (1919) 
description of this cercaria holds for the cercariae which proved to 
be the larval forms of Cotylophoron cotylophorum-. 
The sheep on autopsy had no adult or immature paramphistomes 
in the rumen but sexually immature forms were present in the 
abomasum and the rest of the alimentary tract posterior to it. They 
were most numerous in the duodenum and some were also passed in 
the soft black faeces. The affected animals were at the time of my 
visit suffering from a most foetid diarrhoea. 
Prior to my arrival at the farm the sheep had been removed for 
some days from the camp where they took ill, because the water was 
on account of its turbidity regarded as unsuitable for consumption 
and declared to be the cause of the trouble. The presence of snails 
was evidently overlooked. 
Six animals were bought and railed to Onderstepoort for further 
investigation. On their arrival at the institute one was killed and 
immature paramphistomes were recovered only from the abomasum 
* Paper read at the Annual Meeting of the S.A. Veterinary Medical Association 
held at Pretoria on the 5th August, 1929. 
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and the intestines. To ascertain whether these trematodes were 
normal parasites of sheep and goats, portions of the duodenum, with 
parasites attached, were fed to two hoer goat kids and three merino 
lambs born in the small experimental camps on this station and 
therefore free of infection. One of the kids was killed 'a week later 
and sexually immature paramphistomes were recovered . from its 
abomasum and duodenum. One of the lambs, killed a förtnight after 
the kid, was found to harbour ,specimens in the rumen and a very 
few in the abomasum and duodenum. Another lamb killed six *weeks 
after infection harboured specimens only in the rumen. One of the 
originally introduced sheep was killed on the same day and thousands 
of specimens were recovered only from the rumen where they were 
found attached, and closely crowded together. 
Five of the sheep were bled for the determination of the blood 
calcium and phosphorus, and the analysis showed that the calcium 
content'of the blood 'was much reduced. This reduction in the amount 
of the blood calcium probably accounts for the presence Of the large 
quantities of sand observed in the abomasum and passing into the 
duodenum of the affected sheep. The farmers, however, assured me 
that the first animal's that died had no sand in them and there is no 
reason to disbelieve them. I have often observed sand and other 
foreign material (coal' cinders, granite gravel, small pebbles, etc.) in 
the rumen and abomasum of sheep suffering from anaemia due tó 
haemonchosis and fascioliasis and in both these diseases the amount 
of calcium in the blood was appreciably reduced below normal. The 
blood of the sheep suffering from paramphistomiasis showed a further 
fall of blood calcium subsequent to the administration of from 4 to 
8 c.c.,carbon tetrachloride. 
The history of the second outbreak investigated -is interesting in 
that cattle seem to have infected the snails. Mr. Frank Hobbs of 
the farm " Haldon," Petrus Steyn, lost approximately 50 per cent. 
of 'a flock of 300 sheep turned into a camp in May when he .removed 
the cattle that had run there since December, 1928. The sheep 
showed a loss of condition after having been in the . camp for about 
sixteen days. He làst a few . and thought nothing of it until the 
deaths rose to four and five a day when he reported the matter to an 
officer of the Division. Froin the material submitted by the farmer 
it was evident that he was losing, stock from paramphistomiasis and 
the farm was visited and several, autopsies held. Local inquiries 
confirmed, my suspicions that farmers must occasionally lose heavily 
from this malady. One old farmer assured me that vleis (marshy 
grounds) are apt to kill sheep in the beginning of winter, especially 
if there had been plenty of rain during the slimmer As 
oesophagostomiasis is not severe, and liver .flukes are unknown in that 
area, it must be assumed that these farmers have in the past lost sheep .. 
from paramphistomiasis. 
In years gone by the pathogenicity of the paramphistomes has 
evidently been overshadowed by the presence of other helminths or 
poisonous plants. If Mr. Hobbs' sheep had been running on Cucumis 
sp. infested lands, this plant -would undoubtedly have been pronounced 
the lethal agent. I may perhaps mention that Mr. Hobbs had one 
flock of sheep on a laud with Cucumis abundant, and yet he has not 
lost a sheep there. 
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Most veterinary parasitology textbooks consider paramphistomes 
as non -injurious parasites. Some, however, believe that they may be 
harmful while others add that paramphistomes have occasionally been 
suspected of being harmful. Wooldridge mentions that these 
trematodes have been reported as pathogenic from Australia. In 
South Africa the Veterinary Division has always considered them 
as of little importance and farmers have been informed that they are 
not very harmful. In the situation (rumen) in which they are usually 
observed, they are undoubtedly not very injurious if at all. 
Immature paramphistomes from the duodenum of cattle and sheep 
have been reported from different parts of South Africa and from 
India. The Onderstepoort helminthological collection contains 
specimens collected from different parts of the T'nion. When in 1925 
I recorded their presence in trek oxen dying on the Empangeni 
Townlands, the then Director of Veterinary Education and Research, 
Onderstepoort, informed me that he had had specimens from various 
parts of the country. There are specimens here collected from sheep 
and presented by Mr. Simson (1926), Government Veterinary Officer, 
Queenstown. Mr. Henderson, Government Veterinary Officer, 
Kokstad has last year and this year submitted specimens from sheep 
in his area. 
The material from cattle consists of specimens submitted by the 
Principal Veterinary Officer, Basutoland, from cattle at Maseru, and 
specimens collected from cattle at Onderstepoort and at Empangeni, 
Zululand. In cattle, as in sheep, there is a diarrhoea, which is more 
profuse in bovines and has to be differentiated from Johne's disease 
certain diarrhoea. 
In an article headed " Some Problems in Sheep Diseases," 
Baldrey (1906), from Ìndia, discusses " Gillar " and points out that 
clinically it somewhat resembles fascioliasis. He describes the 
pathological lesions and states : " The really pathogenic lesions will 
be seen in the small and large intestine, noticeably so in the pyloric 
region of the former. Here there will be seen an enteritis, the mucous 
membranes being necrotic and probably shredding off in places . 
The veins in these areas will have quite a varicose appearance." 
He further records that he collected amphistomes " in an undeveloped 
state " from the haemorrhagic area. Specimens were submitted to 
Looss, at Cairo, who identified them as immature amphistomes. 
Although Baldrey writes : " In subsequent post-mortems the presence 
of immature .amphistomes was found to be constant and always in 
the diseases duodenum and pylorus," he did not suspect these 
parasites as the causal agent because . . . it is supposed that these 
organisms have not a very serious effect, . . " This interpretation 
of Baldrey recalls Cobbold's warning " . . the student of helmino- 
thology must, as a primary discipline, dispose himself of all pre- 
conceived opinions whatsoever . . ." 
Walker (1906), in a preliminary note discusses this ovine disease 
" Gillar." According to him, it is practically confined to low -lying 
swampy areas along the banks of rivers and in parts which are often 
flooded during the rainy season. The malady is as a rule at its worst 
during the months of December, January and February. That season 
would correspond to our winter. He is of the opinion " that the 
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parasite to which it is due passes some _period of its existence in 
marshy places, and that it gains access to-"the host with the food in 
September' and October, i.e. when the rains and ",flooded pastures are 
drying up: 
Cotylophoron indicum, Stiles and Goldberger, 1910, has been 
recorded from Ovis cries in India " and is according to Maplestone 
(1923), synonymous" with Cotylophoron cotylophorùin. Fischoeder 
described the species originally from the stomach (presumably the 
rumen) of Bos taur'us, " Togo and Bos zebri, German East Africa. 
Maplestone (1923), records it from the stomach of bullocks in Sierra 
Leone; buffalo- and nswala in the Upper Shire River district, 
Nyasaland; Pagan dwarf bull. from Ilorin; Northern Nigeria; 
waterbuck from Zeref, Khartoum; hartebeest, Nyasaland; "antelope 
sp., Rhodesia and Nyasaland. - Ortlepp records it from the rumen of 
sheep in the Vryheid district, Natal. Mr. P. T. Mitchell, M.R.C.V.S., 
presented me with . specimens from the rumen of a goat' slaughtered 
at the Rangoon Abattoir.; Cobbold (1875) records. Amphistomum 
tubercutatum from the intestine of Indian cattle. This species may 
be identical with C. cotylophorum whose immature stages have 
slightly developed cuticular," tubercles on the anterior portions of the. 
body. Ourson (1928), records Cotylophoron cotylophorum as .a 
parasite of the African buffalo in Zululand. At Onderstepoort I have 
recovered it from both cattle and sheep. From these records it is 
evident that C. cotylop7aorum has a wide distribution. 
THE SYMPTOMS MANIFESTED BY INFECTED SHEEP. 
The symptoms are :b`y no means characteristic for this disease 
only. The animal ,appears dull and listless, feeds badly, even when 
turned on to green oats; and tires readily when driven." The general 
symptoms of unthriftiness increase rapidly. as -the disease progresses, 
the wool becomes dry, and. harsh, And is easily pulled out. The 
visible mucous membranes are pale. Oedema of the sub -maxillary 
subcutaneous tissues develops and as with fascioliasis and other 
anaemic disorders, it.is -most pronounced in the evening," while it has 
practically disappeared by the next morning. - A 'foetid diarrhoea 
develops early and continues until the animal dies. ' In a case 'Which 
showed signs of recovery the autopsy revealed that-the parasites had 
migrated to the rumen. 
POST -MORTEM APPEARANCES. 
Seven animals have been destroyed for autopsy. The blood was 
rather anaemic and stained the fingers_p9orly. The suboutis containear, 
a fair accumulation of fat showing disseminated fat necrosis. This 
fat necrosis was general, but was most marked in the intra- abdominal 
and intra- thoracic collections of fat. In the more chronic cases there 
was well marked hydro- pericardium, hydro -thorax, hydro- peritoneum, 
and oedema of the mediastinal, mesenteric and sub- maxillary tissues. 
Most of the livers showed slight fatty changes." The most pronounced 
pathological changes were manifested by the first four to eight feet of 
the duodenum. The blood vessels on the peritoneal surface were 
engorged and tortuous imparting d' cyanosed appearance to the gut. 
On section- the duodenal wall was thickened, the - mucosa particularly 
so.. On the congested mteous surface n» merous small, flesh coloured 
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objects were present. These were in some cases also recovered from 
the less congested posterior portion of the gut, as far as the anus. 
In older standing cases, sand, small pebbles and other foreign bodies 
half filled the abomasum. In still older cases observed at 
Onderstepoort some parasites were recovered from the rumen. 
THE LIFE -CYCLE OF THE PARASITE. 
Before prophylactic measures can be successfully and scientifically 
instituted against this disease, it is essential that the time required 
for the complétion of the different stages in the development of the 
causal parasite be known. 
Snails collected from the pool on the farm " Breezy Brae " and, 
live snails sent by Mr. Hobbs, Haldon, Petrus Steyn," proved on 
examination to be infected with an amphistom.e cercarla, practically 
identical with Cercaria frondosa as described by Faust and claimed 
by. Cawston to be the 'larval stage of Paramphistomum calicophorum, 
Fischoeder, 1901, which is considered by Maplestone (1923), as 
identical with Paramphistomum explanatum (Creplin, 1847), 
Fischoeder, 1901. 
The developmental stages met with in the livers of dissected 
snails were sporocysts, rediae, daughter rediae and cercariae.. The 
cercariae when kept in water in a glass dish , encysted firmly on the 
sides of the vessel near the surface of the =water or on blades of -grass 
suspended in this water. The encysted cercariae are dark brown in 
colour and can just be séen with the naked e`ye. When they were 
present in a Petri dish containing a shalhiw layer of water they 
encysted at the botfom but were never seen floating about in the 
encysted stage. They cast their tails before encysting. If the 
encysted trematode is now ingested, it arrives in the duodenum where 
it attaches itself, :feeds and grows until it migrates to the rumen to 
mature and ovipósit. The contents of the duodenum being rich in 
semi- digested material is undoubtedly most suitable food for the 
young paramphistomes. This selection of the duodenum by the 
young , forms and their ultimate migration to the rumen illustrates 
Cobbold's lines.: " None of the internal parasites continue in one 
stay; all have a tendency to' rom; migration is the soul of their 
prosperity; To attack, to invade, to infest, is their legitimate 
prerogative. Their organization, habits and economy are expressly 
fashioned to this end." 
On its migration to the rumen its life as a true parasite would 
appear to cease: There is no evidence that the host is injured to any 
appreciable degree.by its sojourn in -the rumen.;. -Van Beneden (1889), 
discussing " Free messmates " writes: ".Worms which have less 
freedom, like the Distomians, are sometimes both messmates and 
parasites." 
C. cotylophorum is a true parasite while inhabiting the lumen 
of the duodenum, but would seem to inhabit the rumen for protection. 
The observations on the migration of the species under discussion 
confirms Looss' observations that amphistomes first inhabit the small 
intestine before they return to the first stomach which is the4,, 
definite habitat." 
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THE 'RATE OF DEVELOPMENT IN TIIE VERTEBRATE AND MOLLUSC HOSTS. 
From the available data it would seem as if' the development' of 
the parasite in the verebrate host is very slow, and that -approximately 
six to eight weeks are spent in the duodenum, while another eight 
weeks will probably elapse before- eggs are passed. At present there 
is no indication as to the time required for the completion of the 
cycle in the mollusc. The two outbreaks investigated suggest that the 
snails become infected in the summer ha and tat encysted cercariae 
are abundantly present in the vegetation by .about May. That some 
may - survive the winter in the snail and em:er e- early in the summer 
is likely, but undoubtedly not of common occurrence. It is doubtful 
whether infected snails would survive the severe winters experienced 
in those parts. 
On the farm " Haldon " the history of the outbreak suggests 
that, infected snails had either survived- the winter of 1928 and that 
the cercariae liberated the following summer infected the sheep in the 
autumn. The infected camp carried cattle since December, 1928, 
and it seems probable that these cattle must be held responsible for 
the infection of the snails which transmitted the parasite to the sheep 
introduced in May. According to the owner the sheep showed 
symptoms a fortnight to three weeks after entering this particular 
field. That the cattle running in the infected - camps a -t " Breezy 
Brae " did' not appear affected, may perhaps be explained by the fact 
that cattle do- not graze as close as sheep. If infection was caused by 
the water ingested; one would have expected the cattle to have 
shown. syin.ptoms such 'as diarrhoea. - - 
TREATMENT. 
Tests with carbon tetrachloride pròved that this drug had 
beneficial effects only when administered ih doses of from 8 to 10' c.c. 
in rasi' linseed oil. The simultaneous administration of magnesium 
sulphate or calciulñ lactate should, 'according' to various workers, 
reduce the toxicity of the drug. Infected animals should receive 
bonemeal. to compensate for the loss of calcium. The giving of lime 
to reduce any hyperacidity of- the abomasum may be advisable and 
is worthy-of a trial.' There is plenty of- scope here for the biochemist, 
and those interested in 'pathological phÿ-siology: 
PROPHYLACTIC MEASURES. 
Sheep and freshwater snails are usually never successfully reared 
in - the same field. - Snail- infested vleis should, where practical, be 
drained or -fenced off. Local conditions should be studied - before 
advising the farmer which measures to adopt. -Mr. Hobbs' suggested 
draining the vlei and planting willows to aid still further in - the 
reduction of the moisture present. 
The destruction of, the 'snails by chemicals such as lime or copper 
sulphate,- may be tried. The latter may give good results- where the 
water is- not too muddy or too heavily polluted with organic matter., 
The -use of bonemeal and salt lick should be advocated in all infested 
areas. 
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The freshwater snails met with in the Union, are imperfectly 
known, and I appeal to all veterinarians to study their habits, and to 
submit live specimens for determination, by animal experimentation, 
of the cercariae present and likely to infest domestic stock. Live 
snails packed in moist vegetation travel well by post or by passenger 
train. 
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Fig. 1. 
Fig 1. Photograph of a portion of the duodenum showing mass infestation with 
immature paramphistomes. Natural case from " Breezy Brae." 
FIG. 2. 
Fig. 2. Photograph of a portion of the duodenum showing verrucose appearance 
of the mucosa and whitish raised areas (sites of attachment). Another 
natural case from " Breezy Brae." 
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FIG. 3. 
Fig. 3. Microphotograph of a cercaria showing " eye " -spots. Specimen from 
the liver of Buliuus sp. off " Haldon." 
FIG. 4. 
Fig. 4. Microphotograph of a cercaria after escape from a snail off " Haldon." 
Note pigment distributed throughout the body. 
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It J 6. 
Fig. 5. Cercariae from a snail off " Haldon." 
a. Lateral view of an immature cercaria showing one " eye " -spot. 
b. Dorsal view of an immature cercaria showing the two "eye "- spots. 
c. A dorsal view of a more matured cercaria showing radiation of 
the pigment from the " eye "- spots. 
cl. Ventral view of an almost matured cercaria showing the " eye "- 
spots and the pigment disseminated throughout the body. 
Fin. 6. 
Fig. 6. Photograph of a plant with Bulinus sp. adhering. Plant removed from 
the snail infested pool at " Breezy Brae." 
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On Longistrongylus meyeri gen. and sp. nov., a Tricho- 
strongyle parasitizing the Red Hartebeest 
Bubalis caama. 
By P. L. LE Roux, B.Sc., M.R.C.V.S. 
(Lately Veterinary Research Officer, Onderstepoort, Pretoria.) 
INTRODUCTION. 
IN June, 1930, the writer received from Mr. T. Meyer of Onderstepoort, 
some parasites collected from a red hartebeest at Gobabis in South West 
Africa. The examination of this material revealed the presence of rather 
long slender worms which could not be allocated to any of the known 
genera of the sub -family Trichostrongylince, Leiper, 1908. The genus 
Longistrongylus is proposed for the reception of this species which is named 
Longistrongylus meyeri gen. and sp. nov., in honour of the collector and 
donor. 
LONGISTRONGYLUS GEN. Nov. 
Definition. Trichostrongylince : Head relatively large, lips inconspicu- 
ous, buccal cavity small ; cervical papilla present, but small ; cuticle 
with very fine closely spaced transverse striations, prominent longitudinal 
ridges intersecting the transverse striations. Male : Copulatory bursa 
with large lateral lobes and a distinct, but much smaller symmetrical 
dorsal lobe with the following formula : Ventro- ventral and latero- ventral, 
arising from a short common trunk proximally, are long, parallel, equal 
in size and terminate close to the edge of the bursa ; externo- lateral stops 
short of the edge of the bursa and its distal extremity is well separated from 
the neighbouring rays ; medio- lateral and postero -lateral, about equal in 
dimensions, are long, parallel and arising from a short common trunk 
proximally end near the edge of the bursa ; externo- dorsal springs from 
the base of the dorsal ray and is short ; dorsal ray bifurcates almost 
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immediately into two short stout branches, each of which in turn ter- 
minates in two or three very short digits ; prebursal papille long and 
stout ; spicules equal, slender, alate and each ending in two short points ; 
telamon present. Female: Uteri divergent and opposed ; vulva in 
the posterior fifth of the body and opening into a transverse depression ; 
tail rather bluntly pointed ; oviparous. 
Type species : Longistrongylus meyeri sp. nov. 
Females. Males. 
Length of body ... ... ... 24.5 25.2 27.3 14.4 15.8 
Diameter of head .. ... ... 0.062 0.063 0.065 0.036 0.037 
Maximum breadth of body 0.384 0.437 0.375 0.247 0.263 
Breadth of body at base of 
oesophagus . .. 0.214 0.212 0.207 0.247 0.240 
Anterior extremity to nerve ring ... 0.436 0.425 0.463 0.336 0.357 
Anterior extremity to excretory 
pore ... ... ... ... 0.684 0.653 0.764 0.454 0.516 
Anterior extremity to cervical 
papill ... ... ... 0.735 0.674 0.727 0.486 0.547 
Anterior extremity to vulva ... 19.374 21.362 21.473 - - 
Length of oesophagus .. ... 1.362 1.652 1.463 1.218 1.212 
Maximum width of oesophagus ... 0.144 0.126 0.138 0.097 0.095 
Minimum width of (esophagus ... 0.036 0.047 0.043 0.027 0.032 
Anus to posterior extremity ... 0.245 0.243 0.252 - - 
Length of rectum ... ... 0.133 0.133 0.133 - - 
Measurements of the eggs f Length 0.075 0.077 0.077 - - 
in utero l Breadth 0.045 0.045 0.048 
Length of spicules ... ... - - - 0.300 0.312 
Dorsal lobe of copulatory f Length - - - 0.048 0.053 
bursa l Breadth - - - 0.108 0.113 
Lateral lobes of copu- f Length - - - 0.288 0.315 
latory bursa Breadth - - - 0.300 0.327 
MORPHOLOGY OF Longistrongylus meyeri. 
The different measurements of the three females and the two males 
are shewn in the subjoined table. 
The worms are rather long and thin. They are fairly straight, although 
primarily preserved in 10 per cent. formalin and are dark red in colour. 
Live specimens were, according to the donor, deep dark red in colour 
at the time of collection. That the species is an active blood sucker 
would seem possible judging from the dark amorphous pigment present 
in the intestinal cells throughout the whole length of the intestine. 
Anteriorly and posteriorly the female is attentuated. The attenuation 
is more gradual anteriorly. 
(3) P. L. LE ROUX. 143 
The cephalic extremity bears ill- defined lips with the usual circum- 
oral papille inconspicuous. The oral aperture leads into a very small 
buccal cavity, followed by the type of oesophagus typical of the sub- 
family (fig. 1). The oesophageo- intestinal valves are not well developed. 
The rectum is of the usual type and the anus, in the female, oval in outline. 
Longistrongylus meyeri n.g., n.sp. 
Fig. 1. -- Cephalic extremity. 
Fig. 2. -Bursa spread out. Spicules showing. 
The cervical papille are rather small nipple -like projections situated 
on a level slightly posterior to the excretory pore which in turn is posterior 
to the nerve ring. 
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The cuticle bears from forty to about fifty well- developed longitudinal 
lines towards the posterior part of the body. These lines extend from 
about the level of the nerve ring to the level of the anus in the case of the 
female and the prebursal papilla in the male. They are more numerous 
posteriorly than anteriorly, and do not in every case extend uninter- 
ruptedly from in front to behind. The transverse striations are ill- 
defined and very closely spaced together. They are interrupted by the 
well -developed longitudinal ones. 
The male. The males are less darkly coloured than the females and 
Longistrongylus meyeyi. 
Fig. 3.- Telamon as far as could be made out. Branches of dorsal ray showing. 
appear much more slender. They attain their maximum breadth about 
the junction of the middle and posterior thirds. The testis is prominent 
and extends anteriorly to within a short distance of the base of the 
oesophagus. The spicules are similar in shape and size, but rather small 
and slender. Each spicule bears a spur ventrally towards its distal 
extremity which ends in a sharp slightly curved point. The spur is the 
termination of the transversely striated ala with which each spicule 
is furnished (fig. 2). The copulatory bursa is comparatively under- 
developed for a worm of this size. The lateral lobes are supported by 
rays as figured (fig. 2). 
The spicules are guided by a telamon. The exact build of this structure 
could not be accurately ascertained (fig. 3). The cloacal aperture is 
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furnished ventro- laterally with two papille around which the cuticle is 
inflated to form spherical swellings (the genital cone). These two papille 
have been observed in Heemonchus contortus, Trichostrongylus axei, 
T. instabilis, T. rugatus and T. falculatus. 
The Female. Microscopically these parasites may, on account of the 
twisting of the genitalia around the reddish coloured intestine, be mistaken 
for specimens of Heemonchus Cobb, 1898 ; Ashworthius le Roux, 1930 ; 
or even other members of this large sub -family. 
Longistrongylus meyeri. 
Fig. 4. -Body of female in region of vulva. 
Fig. 5.-Caudal extremity of female. 
The vulva is situated in a transverse depression on the ventral aspect 
of the parasite. The vagina is very short. The ovejectors (fig. 4) are 
muscular. The eggs in utero measure from 75p. to 77j. in length and 
attain a breadth of from 45p to 48p., and show segmentation. This 
segmentation may, however, have taken place after the collection and - 
the preservation in formalin. The caudal extremity is attenuated and 
ends in a rather blunt point. The caudal papille are present. 
146 A new Trichostrongyle from the Red Hartebeest (6) 
Co -types of this species will be deposited in the Helminthological 
collection at Onderstepoort and in the collection of the Imperial Bureau 
of Agricultural Parasitology, St. Albans, as well as with the Department 
















From the ANNALS AND MAGAZINE or NATrRAL HISTORY, 
Ser. 10, vol. x. p. 502, November 1932. 
On Trichostrongylus pietersei, sp. n., a Parasite of Sheep 
and Goats. $y P. L. LEROUX, B.Sc., M.R.C.V.S., 
Central Research Station, Mazabuka, Northern Rhodesia. 
INTRODUCTION. 
The examination of the helminths collected from the 
gastro- intestinal tract of two Black -head Persian ewes which 
had died at the above institute shortly after their importation 
from Norval's Pont, Cape Province', revealed the presence of 
a new species of Trichostrongylus Looss, 1905. This species 
was found along with numerous specimens of Trichostronglus. 
falculatus Ransom, 1912, and a few specimens of Tricho- 
strongylus instabilis Looss, 1905. 
The recovery of this new species induced me to examine 
the helminths collected a few years ago from sheep from 
Graff- Reinet and from Angora goats from Willowmore 
in the Cape Province. The examination of this hitherto 
unidentified material proved that the new species and 
T. falculatus were present in every animal (six merino sheep 
and three Angora goats). A further examination of 
material collected from sheep in various parts of South 
Africa proved that the new species and T. falculatus were 
present only in sheep and goats on the arid central plateau, 
known as the Karroo, or in animals originally imported 
503 Mr. P. L. Leroux on Trichostrongylus pietersei, sp. n., 
from that area not many months prior to the collection o 
the material; 
For this new species the name Trichostrongylus pietersei, 
sp. n., is designated in honour of Mr. W. Pieterse, Depart- 
ment of Helminthology, Onderstepoort, in recognition of 
his services to helminthology in South Africa. 
Since this species was invariably met with in association 
with either one or more of the common trichostrongyles 
parasitizing the sheep and goat in Southern Africa, a 
description of the female is not available. 
CHARACTERS OF THE MALE. 
The males possess all the diagnostic characters defined for 
the genus Trichostrongylus Looss, 1905. 
The males are 5.2 mm. to 6`8 mm. long, and the maximum 
width of their bodies varied from 85 p. to 90 p in the region of 
the spicules. The oesophagus has a length of 850 p to 858 p 
with a maximum diameter of about 27 p posteriorly. The ex- 
cretory pore opens into what may be termed a cervical groove, 
situated at a distance of about 1.42 mm. from the cephalic 
extremity. This groove, which is formed by a circular con- 
striction of. the body, is most prónouneed ventrally. The 
diameter of the head is. 12 ¡t. In front of the cervical 
groove the body has a dorso- ventral diameter of 28 µ, which 
is reduced tö 22 p by the constriction, and immediately 
increases again to 25 p. From here onwards the body 
gradually increases in diameter to attain its maximum width 
on a level with the spicules just in front of the bursa. 
Minute prebursal papillàe are present. The copulatory bursa 
has its rays arranged as figured (fig. 1). The two spicules 
(fig. 2), which, are highly chitinized, vary slightly in their 
lengths, measuring 137 p and 129,u, in the left and right 
respectively. The build of . these spicules proves that the 
species is closely related to Trichostrongylus falculatus 
Ransom, 1912, Trichostronyylus probolurus (Railliet, 1896) 
Looss, 1905, and Trichostrongylus instabilis Looss, 1905. 
It is most closely related to T. probolurus, from which it 
differs in that the distal extremity of each spicule is much 
more slenderly built and markedly attenuated dorso- ventrally. 
The distal hook on the spicule is prominent and is situated 
at a distance of 28 µ from the caudal extremity. The second 
hook is still more conspicuous and is localized at a distance 
of 28 p in front of the distal one. In T. probolurus the 
corresponding measurements, judging from the drawings 
of the spicules in Ransom (1910), would appear to be 
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36 lc and 28 tc. In T. instabilis the anterior hook is absent,, 
while the two are close together in T. falculatus. The 
gubernaculum measures about 98 µ and is of the usual type. 
The type -specimens, together with the co- types, will be 
deposited in the helminthological collection of the Imperial 
Bureau of Agricultural Parasitology, St. Albans, England. 
Fig. 1. 
Fig. 2. 
Fig. 1.- Ventral view of bursa. 
Fig. 2.- Spicules and gubernaculum viewed from different angles. 
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A Preliminary Note on Bilharzia margrebowiei, , 
a new Parasite of Ruminants and possibly of 
Man in Northern Rhodesia. 
By P. L. LEROUX, B.Sc., M.R.C.V.S. 
(Central Research Station, Mazabuha, N. Rhodesia.) 
INTRODUCTION. 
DURING the examination of numerous specimens of Bilharzia collected 
from domesticated and wild ruminants in this Territory a species of 
bloodfluke, closely related to the vector of intestinal bilharziasis in the 
Far East, was observed. For this species the name Bilharzia margrebowiei 
sp. nov. is designated in honour of my wife, Dr. Margaret Gregor Leroux 
(née Bowie), for the self sacrificing way in which she has assisted me in the 
past. 
The study of the literature, dealing with bilharziasis in Africa, suggests 
that the eggs of this species have possibly been met with in human stools 
in Central Africa. 
The specimens, on which the diagnosis of this species is based, were 
collected from cattle, a zebra, lechwe kobs (Cobus leche Gray), reedbuck 
(Redunca arundinum Bodd.), pukus ( Cobus vardoni Livingstone) a blue 
wildebeest or brindled gnu (Connochaetes taurinus Burch.), a situtunga 
or water kudu (Tragelaphus spekei selousi Roth.), and a roan antelope 
(Hippotragus equines Desm.). 
Bilharzia margrebowiei was invariably found along with other species 
of Bilharzia in the various hosts mentioned above. In the majority of 
hosts it was found to inhabit the radicles of the portal vein along with 
Bilharzia spindalis. In a few cases the hosts were also infested with 
Bilharzia mattheei (Veglia and Le Roux, 1929). 
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Bilharzia spindalis (Montgomery, 1906) and Bilharzia mattheei are 
common parasites of sheep, cattle and antelopes in this locality. The 
latter has been collected from man and the baboon Papio porcarius in 
Southern Rhodesia by Blackie (1932). 
MORPHOLOGY OF Bilharzia margrebowie.i SP. NOV. 
Male. -12 to 18 mm. long by 0.857 mm.. to 1.254 mm. wide.. Cuticle 
armed with bosses and spines dorsally and spines ventrally. Inner 
surfaces of suckers provided with spines. Oral sucker subterminal, with 
a lateral diameter of 200íc to 24Oµ. Ventral sucker pedunculated and 
situated at a variable distance, according to the state of contraction of 
the individual, from the oral sucker. Testes, usually four more rarely 
five in number, measure approximately 176µ by l60µ. The seminal 
vesicle in front of the testes and variable in dimensions depending on 
the sexual activity of the individual at the time of collection. In some 
specimens the measurements of this organ were 176p. by 1l2µ. The 
intestinal cæca unite very late as figured in the accompanying drawing. 
Female. -14 mm. to 20 mm. long by 270µ to 320µ wide. Inner surfaces 
of both suckers and posterior portion of body armed with spines. Ovary, 
somewhat pear- shaped, 688µ long by 225µ wide and situated at equator 
in well preserved specimens. In specimens collected from slightly de- 
composed viscera the ovary was post -equatorial (See Fig., p. 59.) Uterus 
long and containing numerous eggs arranged in clumps as figured. Eggs 
(See Fig.), practically oval, 60µ by 45p to 70µ by 42p, provided with a 
small subterminal knob, rudimentary or well developed spine as figured. 
Vitellaria occupy the posterior half of the worm in freshly collected and 
well preserved specimens. These organs are, in specimens collected 
from semi -decomposed viscera, confined to less than the posterior half, 
owing to the undue elongation of the ante -ovarial half of the worms. 
It cannot be over -emphasized that the various measurements of all 
trematodes but more especially the members of the genus Bilharzia, are 
subject to enormous variations brought about by methods of collection, 
modes of preservation and the state of putrefaction of the viscera of the 
host at the time of collection. 
(3) P. L. 
LEROUX. 59 
Eggs and Adults of Bilharzia margrebowiei n.sp. 
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DISCUSSION. 
The species described above is larger than any of the other locally 
collected members of the genus. A casual examination of a female would 
suggest that the eggs are unarmed and that they are probably identical 
with the eggs observed in human stools in the Belgian Congo by Walkiers 
(1928). This author did not recover any worms but designated the name 
Schistosoma faradjei for the species responsible for the eggs seen by him. 
Cawston (1930) records that he had seen a bilbarzia egg, resembling 
that of Bilharzia japonica, in the stools of a native from Northern Rhodesia. 
It would now seem probable that he was dealing with an egg of this 
species. 
The males of B. margrebowiei differ from those of B. japonica in that they 
have four to five testes and the cuticle on the dorsal surface is provided 
with numerous cuticular bosses armed with spines. The presence and 
the degree of development of these cuticular bosses are greatly affected 
by the state of vitality of the specimens at the time of preservation. By 
allowing specimens of B. spindalis, B. mattheei, B. indica and of this 
species to die in normal saline before preservation in 10 per cent. Formalin, 
it was observed that cuticular bosses were absent and that the cuticle 
appeared perfectly smooth. These bosses were likewise absent in speci- 
mens collected from semi -decomposed viscera. 
The differentiation of the males of the various species of Bilharzia, 
parasitizing domesticated animals in Africa, is a most tedious undertaking. 
The males of B. mattheei, B. bovis, B. curassoni and B. margrebowiei 
are very much alike morphologically especially when young specimens 
of the larger species are to be differentiated from full-grown specimens 
of the smaller species. 
From a study of the various species collected locally I must conclude 
that the identification of any one species is only possible when a male, 
with a matured female in his gynæcophoric canal, is submitted. 
An identification, based on the shape and size of the eggs observed in 
the fæces of the host, is unreliable when it is remembered that the eggs 
of B. mattheei, B. bovis, B. curassoni are very much alike. The eggs of 
B. indica are not too readily distinguished from those of the species just 
mentioned. It is in human cases quite possible to mistake the eggs of 
B. mattheei for those of B. luvmatobia and those of B. margrebowiei for 
those of B. japonica. 
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It may be mentioned here that I have obtained from a zebra and wild 
ruminants a species which has tentatively been identified as Bilharzia 
indica (Montgomery, 1906) and it would now seem probable that either 
this species or Bilharzia curassoni (Brumpt, 1931), or both, may in Central 
Africa be responsible for the human cases of intestinal bilharziasis where 
a terminal- spined egg has been observed without the urinary bladder 
being involved. 
It is of interest to note that the species of Bilharzia now known from 
Africa are :- 
1. Bilharzia hcematobia from man. 
2. Bilharzia mansoni from man. 
3. Bilharzia bovis from sheep, cattle and man ( ?). 
4. Bilharzia mattheei from sheep, goats, cattle, antelopes, baboons, 
man and the grey monkey (experimental infection). 
5. Bilharzia spindalis from sheep, cattle, horse, antelopes and man 
(Porter, 1929). 
6. Bilharzia spindalis var. africana from man. 
7. Bilharzia curassoni from cattle. 
8. Bilharzia lombarti (Syn. Schistosoma rodhaini Brumpt, 1931) 
from an experimentally infected mouse. 
9. Bilharzia indica from zebra and antelopes. 
10. Bilharzia margrebowiei from cattle, etc. 
The type specimens and co -types of Bilharzia margrebowiei sp. nov. 
have been deposited in the Helminthological Collection of the Department 
of Helminthology at the London School of Hygiene and Tropical Medicine. 
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From the ANNALS AND MAGAZINE or NATURAL HISTORY, 
Ser. 10, vol. si. p. 222, February 1933. 
On Tenuostrongylus cynictis, gen. et sp. n., a Trieho- 
strongylid parasitizing the Yellow Mungoose (Cynictis 
penicullata). By P. L. LEROUX, B.Sc., M.R.C.V.S., 
Central Research Station, Mazabuka, Northern 
Rhodesia. 
THE specimens described in this communication were 
collected by the writer from a yellow mungoose, shot 
in the Bloemhof area, western Transvaal. 
Although this species has certain characters in common 
with the species of Trichostrongylidæ recovered from 
carnivores from South America, West Africa, and the 
Malay States, it could not be referred to any one of the 
genera Molineus Cameron (1923), Microstrongylus Cameron 
223 . Mr. P. L. Leroux on a Trichostrongylid 
(1927), and Nematostrongylus Cameron (1928), and the 
name Tenuostrongylus cynictis, gen. et sp. n., is designated 
for it. 
Characters common to both Sexes. 
The freshly collected specimens were flesh -coloured. 
This colour turned a dirty brown on their preservation 
in boiling glycerine- alcohol. The worms are compara- 
tively long but slender, and have the cuticle on the 
cephalic extremity markedly inflated (fig. 1). This 
Fig. 1. 
Cephalic extremity. 
inflation, which has a maximum diameter of approximately 
50 p, in its anterior third, extends posteriorly for a distance 
of 98 w and 108 p in the males and females, respectively. 
Posteriorly the inflation is demarcated from the rest 
of the body by a groove formed by the non -inflation 
of the cuticle followed again by a very slightly inflated 
cuticle. This non -inflation of the cuticle surrounds 
the body completely and 'is identical with the cervical 
ring described by Cameron (1923,, .1927,. and 1928) for 
certain trichostrongylids from carnivores. The transverse 
striations are prominent on the inflated portion of the 
parasitizing the Yellow Mungoose. 224 
cuticle, but do not encircle the body completely, as they 
terminate at the lateral lines. 
The excretory pore opens into a groove which corre- 
sponds with the cervical groove described by Cameron 
(1927) for Microstrongylus genettce. The cervical groove 
encircles the body completely and is situated at a distance 
of 188 Fc and 217 }c from the cephalic extremity in the 
male and female, respectively. Anteriorly and posteriorly 
to this groove the cuticle is somewhat thickened. 
The nerve -ring is situated just in front of the cervical 
groove and very minute cervical papillee were observed 
immediately posterior to the groove. Cervical papille 
are also present in Molineus felineus, Microstrongylus 
genettce, and Nematostrongylus planicipitis, and are situated 
just posterior to the level on which the excretory pore 
opens. They could only be detected under high magni- 
fication and in properly orientated specimens. It is 
doubtful whether these structures are absent in any 
species of Trichostrongylide. 
At a distance of approximately 70 to posterior to the 
cervical groove there appear longitudinal circular striations 
which extend posteriorly to the prebursal region in the 
male and to the anal region in the female. These 
striations are approximately 8 1.6 apart. On the more 
posterior parts of the body they number about sixteen, 
while half that number was met with in the more anterior 
regions. Under very high magnification their free edges 
appear beaded owing to the transverse striations crossing 
them. 
The anterior extremity, which is attenuated, bears 
the oral aperture centrally placed and surrounded by the 
usual six circumoral papille met with in nematodes. 
These circumoral papille are rather minute, but their 
presence is readily proved by the indentations of the 
inflated cuticle. The buccal cavity is ill- developed and 
leads into an oesophagus which attains a length of 450 p. 
and 465 µ in the male and female respectively, while 
its maximum diameters in the corresponding specimens 
are 33 tc and 42 p. 
Male Characters. 
The male is 5.5 mm. long, and its body attains a 
maximum diameter of 81 W in front of the copulatory 
bursa, which has its lateral wings folding in and over- 
225 Mr: P. L. Leroux on a Trichostrongylid 
lapping ventrally. When opened out it is 144 µ long 
and 240 p. wide. Its ventral surface has the central 
portion studded with minute structures resembling spines. 
The distribution of the bursal rays is as figured (figs. 2 & 3). 
Fig. 2. 
Fig. 2.- Lateral view of bursa. 
Fig. 3. -Bursa spread open. 
Prebursal papillæ are very minute and were only detected 






Fig. 4.- Spicules 
Fig. 5.- Gubernaculum : A, lateral view ; B, ventral view. 
The spicules (fig. 4), which are similar in build and 
length (184 p.), are well , chitinised. The main body 
of each spicule terminates distally in a globular swelling, 
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while the spur, measuring approximately 90 p. in length, 
ends as an attenuated process. 
The gubernaculum (fig. 5, A & B) is a relatively well- 
chitinised boat -shaped -like structure having a length 
of 90 ¡L. 
Fig. 6. 
Fig. 7. 
F g. 6.- Female in region of vulva. 
Fig. 7.- Posterior end of female. 
Female Characters. 
The female is 8.5 mm. long with a maximum diameter 
of 113 µ in the region of the vulva. 
The vulva is situated at a distance of 1.34 mm. anterior 
to the anus and leads anteriorly into a short vagina 
which communicates with the ovejectors measuring 
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30 p in length and having an average diameter of 45 p. 
The anterior ovejector is very slightly shorter than the 
posterior one. Twelve eggs were observed in the anterior 
uterus, while the posterior one held ten. The measure- 
ments of these eggs varied from 50 p X 40 p to 60 µ X 35 tr,. 
The anus is situated at a point 1.35 mm. in front 
of the posterior extremity, which has its cuticle slightly 
swollen, giving it a diameter of approximately 16 p. 
The usual caudal papillæ are present, and the tail is 
furnished with a slender " spike " as recorded for the 
other Trichostrongylidæ of carnivores. 
DISCUSSION. 
Although the species under discussion is closely related 
to Molineus felineus Cameron (1923) from Felis yagua- 
rundi from South America, Microstrongylus genettce 
Cameron (1927) from Genetta senegalensis from West 
Africa, and Nematostrongylus planicipitis Cameron (1928) 
from Felis planiceps from the Malay States, it differs 
from them in certain characters which would seem 
to justify the creation of a new genus. 
It differs from the members of the genus Molineus 
Cameron (1923) in that it possesses a cervical groove, 
a stout gubernaculum, and spicules of which the main 
body terminates distally in a globular point. It is 
readily distinguished from Microstrongylus Cameron (1927), 
which possesses rather slender spicules and a much 
differently shaped gubernaculum. It can likewise be 
separated from Nematostrongylus Cameron (1928), on the 
characters of its spicules and gubernaculum. 
Furthermore, it may be observed that in Nemato- 
strongylus the longitudinal striations start on a level 
with the excretory pore, while in Microstrongylus they 
originate on a level with the cervical ring, and in Tenuo- 
strongylus they were observed to have their origin at 
a level well posterior to the cervical groove. 
Whether the characters which differentiate the different 
genera are of real - generic significance remains to be 
proved or disproved as more trichostrongylids are 
recovered from carnivores. , At present the recognition 
of the different genera seems well founded. 
The type -specimens of Tenuostrongylus cynictis, gen. et 
sp. n., will be deposited in the Helminthological collection 
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of the Imperial Bureau of Agricultural Parasitology, 
Winches Farm, St. Albans, England. 
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